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“ARM TO| TONGUE” 


“ARDIOVASCULAR 


“Measurement of the circulation time 
of the blood is acquiring increasing impor- 
tance as a test in the study of heart failure 
and other diseases affecting the velocity of 
blood flow .. 

The‘‘arm totongue”’ Decholin Sodium method, 


i. e., the time lapse between injection and ob- 
servance of bitter taste, has received accept- 


ance by the profession, and is regarded as 
simple, safe and reliable. 


ADMINISTRATION: 3 to 5cc. of Decholin 
Sodium (20% solution) is injected rapidly 
through an 18-gauge needle into the cubital 
vein while the patient is lying quietly. Obser- 
vations are preferably made in the morning 
with the patient in a basal metabolic state. 


*Hussey, H. H.and Katz, S.: Am.J. M. Sc., 201:669 (May) 1941. 


Sodium 


BRAND REG. U. S. PAT. OFF. 


(SODIUM DEHYDROCHOLATE) 
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Sterile, pyrogen-free solution is 
removed from stock and inspected 
for clarity. 


Simplicity 

Disposable intravenous set, already 


assembled and sterilized, saves time 
for nurses and other technicians. 


CUTTER 


ad 


em Attending physician makes a final 
| examination, to be certain solution 
checks with his written orders. 


in Dextrose 


Administration 


No involved procedures with Cutter Solutions in Saftiflasks! 
From meticulously tested solutions—to ready-to-use, disposable 
injection equipment—the Saftiflask set-up is designed for 
simple, trouble-free administration in your hospital. 


CUTTER LABORATORIES - Berkeley 1, California 
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An insoluble anion exchanger, RESINAT is unique in that it is in itself 
chemically inert, yet it normalizes gastric acidity and inactivates pepsin 
without disturbing the acid-base balance of the patient. 

RESINAT is completely non-toxic. It does not cause constipation or 
diarrhea, cannot produce alkalosis; does not rob the system of chloride or 
phosphate ions. 

Although 2 or more 0.25 Gm. RESINAT capsules every 2 hours usually 
provide satisfactory relief in acute or chronic peptic ulcer, larger doses may 
be necessary in some cases. In such instances, RESINAT Powder, available 
in individual 1 Gm. glassine packets, is the preferred dosage form—one 
packet (] Gm.) stirred quickly in water, milk or other liquid, administered 
every 2 hours or as required. 

Since RESINAT is non-toxic even in massive doses, the physician may feel 
free to increase the dosage until the patient reports satisfactory relief. 
Thereafter, dosage may be gradually reduced to a maintenance level. 


HOW SUPPLIED : 
Resinat Capsules (0.25 Gm.) in bottles of 50, 100, 500 and 1000 
Resinat Powder (1 Gm. packets) in boxes of 50 and 100 
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“Anemia is more often than not of mixed patho- 
genesis, due both to nutritional deficiency and 
primary hematopoietic inadequacy.” 

(Stieglitz, E. J: M. Ann. District Columbia 17:197, 1948 


LIAFON supplies four blood-building essentials in one capsule 


DESICCATED LIVER for all secondary antianemia pri 
ciples of whole fresh liver - 


FERROUS SULFATE for ferrous iron, the most effective 
form of iron medication : 


ASCORBIC ACID to aid absorption and utilization of i 
Iron 


FOLIC ACID to stimulate bone marrow and help in 
mal red blood cell development re 
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CORNELL 


CONFERENCES 
ON THERAPY 


Edited Gold, M.D. 
and members of the faculty and 
staff, Cornell 
of Medicine, N. Y. Hospital. 


Once again the editorial board has considered the outstanding 
conferences of a famous series, and we are now ready to bring you 
their selections in this new third volume. Specially chosen from 
over 100, these conferences cover both the basic principles and the 
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Reviewers said of VOLUME I: “‘The physician will find here 
recognized 


the collected ny ae of many men who are 
leaders in their field.”’ 
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Volume I, makes intensely interesting and valuable reading.”’ 
..- “The unity of pharmacology and therapeutics has here 
been substantially realized.”’ 

These volumes offer to every practicing physician an opportunity 
to sit in on some of the most sonesdinn coaiiiedl conferences ever 


held. 

VOLUME I 1946 322 pp. $3.50 
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VOLUME Ill 1948 337 pp. $3.50 
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60 Fifth Avenue New York Il, N. Y. 
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the penicillin-vasoconstrictor combination 


Local penicillin reduced 
intranasal bacteria 


Proceedings of the Society of American Bacteriologists, 
47th general meeting, May 13-17, 1947 
A series of patients was treated intranasally 
with local penicillin, 500 units per cc., for 
2 consecutive days. At the end of this time, 
the bacteria count was reduced from an average 
of 7,363 per cc. of nasal washings to the 


amazingly low average of 42. 
In Par-Pen you have a preparation that combines 


the potent antibacterial action of penicillin, 
500 units per cc., with the rapid and prolonged 
vasoconstriction of ‘Paredrine Aqueous’. 

For sample and full information, write Par-Pen 
on your prescription blank and mail it to us at 


429 Arch St., Philadelphia 5, Penna, 


Par-Pen 


Smith, Kline & French Laboratories, Philadelphia 
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ate, “One of the most favorable aspects of this 
a investigation was the demonstration of the effective- 
ie ness of veratrum® in the so-called “resistant” types of 
cases. Patients with high diastolic and/or wide pulse 
pressures, those with long-standing hypertension, cases 
with cardiac failure and patients who had repeated 
cerebrovascular accidents responded as well as the 

early mild cases.”' 


Supplied in bottles 
of 100, 500, 1000 at 
prescription pharmacies. 
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wm Flo-Cillin “96” 


(300,000 units per cc.) 
With Aluminum Monostearate, 2% 


away with the need for injections. A single injection every 
other day is judged to be uate for the majority of clinical pur- 
poses. Exceptional may require more frequent dosage. 

Flo-Cillin “96” is available from your usual source of supply in 
vials containing 10 cc., and in rubber-stoppered 
glass ges, each containing 1 cc., for use with the B-D* Dis- 
posable Cartridge Syringe and the B-D* Metal Cartridge Syringe. 


*Reg. U. S. Pat. Off., Becton, Dickinson & Co. 


Bristol 


LABORATORIES INC 
SVRACUSE. NEW VORK 


@ 
15 
a sineve 4 cc. 
PROVIDES THERAPEUTIC PENICILLIN BLOOD LEVELS Ree» 
7 (7 06 
Sn FOR HOURS IN 90% OF PATIENTS 
CONSTANTLY FLUID 
REQUIRES NO PROLONGED SHAKING 
DOES NOT “SETTLE OUT” 
CRYSTALLINE PROCAINE PENICILLIN C IN OIL 
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spol the appetite . 


CONTROL OF APPETITE is frequently beyond the power of human will, a fact 
that explains most cases of obesity. Fortunately, appetite can be checked 
by administration of certain sympathomimetic drugs, such as Propadrines 
phenylpropanolamine HCl, a development of Sharp & Dohme research 
notably free of the unpleasant side effects associated with ephedrine. 


ALTEPOSE tablets, a new formula for control of obesity, provide PROPA- 
DRINE HCl, 50 mg. (*% gr.), to reduce the desire to eat; thyroid, 40 mg. 
(% gr.), to increase metabolism; and DELVINAL@ vinbarbital, 25 mg. 
(% gt.), for mild sedation. 


ALTEPOSE tablets spare the obese patient the pangs of hunger, making 
low-calorie diets more acceptable, speed metabolism of excess fat and 
carbohydrate, and tend to suppress nervous tension and anxiety. The proper 
dose must be determined for each individual. ALTEPOSE tablets are sup- 
plied in bottles of 100 and 1,000. Sharp & Dohme, Philadelphia 1, Pa. 


Spare the patient 


Allergic management assumes a much brighter outlook with the intro- 
duction of many new antihistaminics. It is to the credit of one of these— 

THENYLENE Hydrochloride—that many physicians prescribe this agent first. 

Their choice follows naturally in the wake of THENYLENE’s impressive record 

during the hay fever season. © THENYLENE Is SAFE for hypersensitive patients— 

its low toxicity has been described again and again in the literature.!.2.3.4.5 One 

author, for instance, states that with THENYLENE “unpleasant side-effects were sur- 

prisingly few.” @ THENYLENE IS HIGHLY EFFECTIVE against the action of histamine. The 

number of patients benefited with THENyLeNE therapy has been consistently high.1.2.4.5 
THENYLENE has been found useful in hay fever, seasonal allergic rhinitis, vasomotor rhinitis, 

acute and chronic urticaria, allergic dermatitis of atopic or contact type, and certain cases of 
asthma. @ This year try THENYLENE first. Your pharmacy has THEenyLene Hydrochloride in 25- 
mg., 50-mg. and 0.1-Gm. (100 mg.) sugar coated tablets in bottles of 100 and 500. For your FREE 
SAMPLE and comprehensive literature, drop a card to Abort Lasoratories, North Chicago, Illinois. 


(preseribe assott’s NEW antinisTAminic 
Thenylene 
Hydrochloride 


(Methapyrilene Hydrochloride, Abbott) 


. Friedlaender, A. S., Friediaender, S. (1948), 
Amer. J. Med. Sc., 215:530, May. 2%. Fried- 
laender, A. S., Friediaender, S. (1948), Amer. 
Prac., 2:643, June. 3. Brunsting, L. A. (1948), 
Canadian Med. Assn. J., 58:133, February. 
4. Martins, J. K. (1948), Indust. Med., 17:133, 
April. 5. Feinberg, S. M., Bernstein, T. B. (1947), 
J. Lab. & Clin. Med., 32:1370, November. 
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GONAD STIMULATION 


IN THE MALE AND IN THE FEMALE 


The action of chorionic gonadotropin 
clinically parallels that of the luteinizing 
hormone of the pituitary gland. Chor- 
ionic Gonadotropin Armour available 
in lyophilized form is effective in both 
male and female where luteinizing 
hormone is indicated. Thus, it is of 
great value in the treatment of cryptor- 
chidism and has been used success- 
fully in the treatment of simple hypo- 


gonadism and hypogenitalism because 
of its true gonad stimulating effect. In 
the female it has been employed effec- 
tively in the treatment of functional 
uterine bleeding as well as in secon- 
dary amenorrhea, oligomenorrhea and 
hypo-ovarianism where a deficiency 
of luteinizing hormone exists. 
Detailed literature will be sent 


gladly to physicians on request. 


Have confidence in the preparation you prescribe — specify 
CHORIONIC GONADOTROPIN, ARMOUR 


Available in packages containing ompovie of 5,000 |. U. of lyophilized 
chorionic gonadotropin and vial of sterile distilled water. 


JA 


CHICAGO 9, ILLINOIS 
Headquarters for medicinals of Animal Origin 
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Orapen-250 


Orapen-250 
Orapen-100- Orapen-50 


[PENICILLIN TABLETS SCHENLEY] 
$0,000 nits of Penicilin Crystalline G. 


© Schenley Laboratories, Inc. 


TO BETTER NUTRITION 


in dietary planning, the physician may prescribe with 
complete confidence any of Borden’s nutritional 
preparations. They conform at all times to the most 
modern concepts of nutritional science, and are 
formulated and produced with meticulous concern 
for quality, purity, and clinical serviceability. 


BIOLAC, approximating human milk in its nutritional content 
and digestibility, is an ideal replacement for mothers’ milk. 
With the addition only of ascorbic acid, it becomes a complete 
food — “baby talk for a good square meal”. 


DRYCO provides a “master key” to infant nutrition with its 
wide range of formula flexibility for individual needs. 


BETA LACTOSE is a highly palatable and readily soluble 
formula modifier in the form of an improved milk sugar, 
five times more soluble than alpha lactose. Milk’s natural 
carbohydrate for infants and adults alike. 


KLIM solves the problem whenever fluid milk is indicated in 
the diet, but lack of availability or of refrigeration make 
its use impracticable. This superior quality, spray-dried, 
whole milk, with soft curd properties is invaluable 

for use in infant feeding, or for dietotherapy in 

peptic ulcer and other special adult diets. 


The nutritional statements of this advertisement are acceptable 
to the Council on Foods and Nutrition of the A. M. A. 


These Borden Prescription Products are available at all 
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BETA LACTOSE 
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350 MADISON AVENUE * NEW YORK 17, N. Y. 
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WS MULL-SOY is a hypoallergenic soy concentrate — for those 
ee MULL. allergic to milk — closely resembling cow's milk in all its 
SN SOY - nutritional values, but without the offending animal proteins. 
When miik becomes “forbidden food”, Mull-Soy offers 
nutritionally efficient replacement. 
pRYCO Its high protein, low fat, intermediate carbohydrate ratio 
— for use with or without added carbohydrate — makes it the 
_ “custom-formula” food for all infant requirements. 
™~ 
phormacies Full detailed professional information 
gledly supplied on request. 
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(Metrazol_. Powerful, Quick Acting Central Stimulant 


COUNCIL ACCEPTED 


ORALLY - for respiratory and circulatory support 
BY INJECTION - for resuscitation in the emergency 


INJECT 1 to 3 cc. Metrazol as a restorative 
in circulatory and respiratory failure, in 
barbiturate or morphine poisoning and in 
asphyxia. PRESCRIBE | to .3 tablets, 
or 15 to 45 minims oral solution, as a sus- 
taining agent in pneumonia and congestive 
heart failure. 

AMPULES - | and 3 cc. (each cc. contains 1/2 grains.) 


TABLETS - 1% grains. 
ORAL SOLUTION - (10% aqueous solution.) 


Metrazol, brand of pentamethylentetrazo!, Trade Mark reg. U. S. Pat. Off. 
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New, Pleasant Tasting 


featuring MERCODINONE ® an improved, 
more potent narcotic — superior in 
cough control to codeine and heroin, 
but notably free from nausea, con- 
stipation or retention of sputum. 
pilus METHAMINE ® a bronchodilator 
to relax plugged bronchioles. 


SODIUM CITRATE a better expect- 
orant to liquefy secretions. 


EXCELLENT TASTE * WIDELY COMPATIBLE 
children %4 to 


every 3 hours and as 
at night. — Exempt Narcotic, available 
pharmacies. 


at prescription and hospital 
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A combination of three potent parasiticides, 
"Topocide’ (Benzyl Benzoate Compound, Topical, Lilly) in one application 
efficiently eradicates head lice, crab lice, and the skin parasite of scabies. 


“Topocide’ is an aqueous emulsion of benzyl benzoate, DDT, and benzocaine. 
This combination provides a potent preparation which attacks the scabies parasite 
in all stages of the life cycle. It is also lethal to mature lice as 
well as to the embryonated ova. Relatively low concentrations of the individual 
ingredients minimize the danger of skin irritation and systemic toxicity. 
The anesthetic properties of benzocaine relieve itching and prevent 
prolonged burning and stinging. “Topocide’ is easy 
to apply, pleasant to use. 


ELI LILLY AND COMPANY 
Indianapolis 6, Indiana, U.S. A, 


for 
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Editorial 
The Symposium on Syphilis 


His issue of the Journal includes a 

symposium on present day clinical 

and investigative aspects of syphilitic 
infection. The guest editors of the symposium 
have attempted to arrange an integrated 
and authoritative discussion by men who 
have made important contributions, with 
each author assuming full responsibility 
for his own section. It is hoped that the 
series as a whole will provide a concise and 
timely summary of present information. At 
the same time it must be admitted that some 
aspects of the subject, notably treatment, 
are changing so rapidly that there can be 
no definitive pronouncements at this time, 
only digests of current information and 
informed opinion. 

There is a widespread impression that 
the last word, or at least its penultimate 
expression, has now been reached in the 
diagnosis and treatment of syphilis. With 
this we cannot agree. True, the discovery 
of penicillin by Fleming, its concentration 
and clinical application by Florey and his 
associates and its introduction into the 
treatment of syphilis by Mahoney and his 
co-workers in 1943 strikingly accelerated 
progress in the control of this disease. The 
demonstrated efficacy of penicillin, here 
discussed by Thomas, Reynolds, Tucker, 
Solomon and Ingraham, and some of the 
recent developments in the prolongation of 
its absorption after intramuscular injection 
offer hope that we may some day, and 
perhaps soon, be able to achieve Ehrlich’s 
ideal of a dosis sterilisans magna, the total 
eradication of the invading treponemas by a 
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single, large dose of a drug which is almost 
wholly non-toxic to the host. We may con- 
fidently anticipate that the incidence of new 
infections will be reduced to a “‘manageable 
minimum.” However, that syphilis as an 
endemic disease can be wholly eradicated 
is probably only wishful thinking. 

The epidemiologic problem, ably dis- 
cussed by Clark, remains a major obstacle. 
There remain also wide areas of exploration 
in the biologic aspects of the disease as 
indicated by Rosahn. So long as we must 
rely on a non-specific tissue extract such 
as antigen for the diagnosis of the disease 
we will probably be plagued by the problem 
of non-specific, false positive tests (Neurath). 
The concentration of one of the reactive 
principles in that extract (cardiolipin) and 
the development of confirmatory pro- 
cedures which may serve to distinguish 
some of the false positive reactions from 
those due to actual syphilitic infection will 
reduce that problem but certainly will not 
solve it. 

The treatment programs thus far evolved 
are not definitive. Penicillin, by whatever 
schedule of administration and in whatever 
dosage it has yet been used, is not effective 
in every case. In primary and secondary 
syphilis the proportion of failures has been 
variously estimated at 5 to 15 per cent and 
what that proportion of failure will prove 
to be in the late serious manifestations of 
the disease remains to be determined. Why 
these patients with early syphilis are not 
cured remains as much of a mystery in the 
case of penicillin as it was with mapharsen 
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and bismuth. Here certainly is a fruitful 
area for study. 

The possibility of mass immunization 
with suspensions of pathogenic Treponema 
pallidum is only a hope which may, indeed, 
prove to be a mirage. That immunity 
develops in the course of syphilis is incon- 
testable. As indicated in Magnuson’s review 
of that aspect of the disease the dynamics 
of the development of immunity in syphilis 
are still being productively explored. How- 
ever, it does not necessarily follow that the 
injection of T. pallidum, even after the 
pathogenic organism has been successfully 
cultivated, will of necessity produce a 
similar effective immunity. This is never- 
theless a possibility which must be ex- 
haustively explored. Here, as in so many 
other investigative aspects of syphilitic in- 
fection, we await the cultivation in vitro of 
a regularly pathogenic T. pallidum. 

Considerable attention has recently been 
focused on the prevention of syphilitic in- 
fection with penicillin, given by injection 
or by mouth soon after possible exposure. As 
an outgrowth of an experimental study on 
the abortion of syphilitic infection in animals 
it has been found that a single tablet of 
penicillin taken by mouth several hours after 
exposure will effectively prevent gonococcal 
infection. In syphilitic infection, however, 
there is unfortunately reason to believe that 
so simple a procedure will not be effective, 
due primarily to the comparatively slow 
rate at which the organisms are killed. 
The chemical prophylaxis or, more properly, 
abortion of syphilitic infection by peroral 
penicillin would probably require so large 
a dose, or so many repeated smaller doses, 
as not to be a feasible method for the 
epidemiologic control of the disease. 

Some ten years ago one of us published a 


Editorial 


paper with the general title ‘Current 
Problems in the Study of Syphilitic Infec- 
tion,” and two years ago a memorandum 
was drawn up entitled ‘“‘Outline of Problems 
in Syphilis Susceptible of Study in the 
Experimental Laboratory.”’ The fact that 
most of the points discussed in those two 
papers are as pertinent today as they were 
then only serves to underline the difficulty 
of developing working approaches to these 
problems and the slowness with which they 
can be explored. However, that such slow 
progress has been made does not alter the 
fact that our greatest single hope for the 
control and eventual elimination of syphilis 
as a major public health problem lies in 
continued intensive exploration in the ex- 
perimental laboratory of the biology of the 
infection, its treatment and its possible 
prevention. The increasing support given 
to these experimental approaches reflects 
the general recognition of this fact, and the 
fortunately close relationship which exists 
between the experimental laboratory and 
clinic will permit the rapid and critical 
trial and exploitation of such advances as 
will be realized. 
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Unknowns in the Biology of Syphilitic 
Infection’ 
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New Britain, Connecticut 


HE twentieth century was inaugu- 

rated by a decade which was truly 

the golden age of discovery in the 
realm of syphilitic infection. The brilliant 
investigations of Schaudinn and Hoffmann 
culminated in the identification of the 
Treponema pallidum as the etiologic agent 
of syphilis. This was soon followed by 
Wassermann’s classical application of the 
Bordet-Gengou reaction to syphilitic sera 
and the development of a diagnostic test 
based upon the fixation of complement. 
Only a short time elapsed before Ehrlich 
announced the epochal discovery that one 
of several hundred arsenical preparations 
under study had specific therapeutic efficacy 
in syphilitic infections. The etiologic agent, 
a diagnostic laboratory test and a specific 
therapy of this major human disease were 
all discovered in a single decade! 

Since then in scores of clinics and labora- 
tories throughout the world, investigators 
have persistently chipped away at the 
problem endeavoring to disclose the great 
imponderables of syphilitic infection. In 
spite of these efforts large segments of the 
general problem still require precise elucida- 
tion. It is the purpose of this communication 
to discuss those areas in the biology of the 
disease which merit further exploration. 


THE ORGANISM 


Over and above all other problems towers 
one dominating mystery: Why has it not 
been possible to grow the specific etiologic 
agent in its pathogenic form on artificial 
culture media? What are the peculiar and 


unknown growth requirements of the patho- 
genic treponeme which have so far defeated 
all attempts at cultural propagation? With 
the possible exception of Noguchi all in- 
vestigators attempting to solve this problem 
have met with failure. As a result basic 
biologic studies have been seriously impeded 
because of the necessity to employ organ- 
isms secured through in vivo passage. 

Propagation of viruses is possible only in 
the presence of the living cell. To date 
propagation of pathogenic treponemes has 
been possible only in the living organism. 
Why? What is present in the living host, 
particularly in man and the rabbit, which 
is absent in the artificial media thus far 
employed? Are complex proteins and amino 
acids the missing links in the chain of 
growth? Are the requisite factors certain 
enzymes and hormones and vitamins elabo- 
rated by the living host which have not 
been incorporated in the artificial media 
heretofore prepared? 

Closely related to the problem of the 
growth requirements of the treponeme is 
its inadequately understood chemical con- 
stitution. Chemical fractionation of the 
pneumococcus and of the tubercle bacillus 
has contributed much to our knowledge of 
the properties of these organisms. Similar 
studies directed at the chemical constitution 
of the treponeme should yield significant 
information. Is there a specific substance 
in the organism which is responsible for 
strain specificity and immune reactions? Is 
there an identifiable chemical component 
capable of invoking a tissue response similar 
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to that produced by the living organism? 
Would chemical analysis of the organism 
reveal the presence of lipids and waxes, 
proteins and polysaccharides and other 
complex fractions? Systematic studies of the 
metabolism of the treponeme might pro- 
vide information directly applicable to 
attempts at artificial cultivation. 

Fundamental studies of the growth re- 
quirements and chemical constitution of 
the treponeme can best be pursued through 
the cooperative teamwork of specialists in 
many basic sciences. The bacteriologist and 
the experimental pathologist, the biophysi- 
cist, the biochemist and the physiologist all 
can make contributions of significance, in- 
dividually and as a team. In the absence of 
an available supply of artificially cultivated 
pathogenic forms would it be possible by zn 
vivo methods to obtain a sufficiently large 
volume of treponemas for chemical frac- 
tionation and metabolic investigation? For 
this purpose could the organisms be sepa- 
rated by centrifugalization from the emulsi- 
fied tissue containing them? Would this 
procedure destroy or alter the pathogenic 
capacities of the resuspended organisms? A 
large number of animals would be required 
to provide the reservoir of treponemes for 
chemical and metabolic studies but the 
expense and labor involved would surely be 
minimal in comparison with the potential 
significance of the results. Not only would 
such information contribute to our under- 
standing of the antigenic and other charac- 
teristics of the treponeme, but reciprocally 
the whole problem of the cultural require- 
ments of the pathogenic strain might thus 
be clarified. 

The evidence indicating the existence of 
trophic forms of the treponeme is tenuous 
when critically examined but studies on 
immunity suggest quite strongly that strains 
of treponemes do occur. The work of 
Chesney and others clearly indicates that 
a solid immunity can be disrupted by ex- 
posure to heterologous strains. Very few 
attempts have been made to investigate the 
differential properties of treponeme strains 
and to classify them on the basis of common 
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biologic characteristics. It appears not un- 
reasonable to assume that like certain 
bacteria and viruses treponemes may fall 
into broad groupings and that one distin- 
guishing property of these groups may be 
disease-producing capacity. If studies ‘along 
these lines are successful in demonstrating 
the existence of classifiable strains of trepo- 
nemes, many problems pertaining to the 
human disease may be resolved. 

Any discussion of the gaps in our knowl- 
edge regarding the biology of the treponeme 
must give consideration to the controversy 
over the existence of granular or invisible 
forms. It will be recalled that Levaditi ob- 
served deformed and buckled treponemes 
at the site of inoculation of the mouse with 
virulent organisms. Complete disappear- 
ance of these forms occurred five days after 
inoculation. When superinfection of another 
group of mice was attempted, treponemes 
could not be demonstrated at the injection 


@ site even though control injections of the 


spleen and other organs from the same mice 
produced chancres in rabbits. On the basis 
of this evidence Levaditi concluded that an 
invisible form of the treponeme was present, 
accounting for the failure to demonstrate 
organisms at the site of the second inocula- 
tion. Later he observed granular and rolled 
up forms in infected mouse tissues, partic- 
ularly lymph nodes, which were virulent 
as early as twelve to twenty hours follow- 
ing mouse injection even though trepon- 
emes could not be demonstrated in them by 
silver preparations. He concluded that an 
invisible form of the organism was present 
in these tissues. Subsequently Levaditi him- 
self, first by using an improved silver stain 
and later by persistent dark field examina- 
tion, was successful in demonstrating trepo- 
nemes in infected mouse tissues. Bessemans 
and his group likewise noted treponemes on 
dark field examination of infected mouse 
tissues and tabulated treponeme counts in a 
variety of mouse organs. There is no oc- 
casion now to doubt that treponemes are 
actually present in syphilitic mouse tissues 
although all observers agree that they are 
extremely few in number. But does their 
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presence necessarily eliminate the possibility 
that granular or invisible or transitional 
forms do occur? This is a problem which to 
date has not been satisfactorily resolved and 
indeed may never be settled until the 
organism has been grown in vitro. If these 
forms do exist, are they similar to viruses, 
and is this the reason why the treponeme 
has resisted all attempts at artificial cultiva- 
tion? Do they, like viruses, require the living 
cell for their propagation? Can they be 
demonstrated by differential centrifugaliza- 
tion of emulsified tissue containing active 
treponemes? Electron microscopy, filtration 
experiments, dark field motion picture 
photography at high magnifications and 
ultraviolet microscopy all have failed to 
indicate the existence of invisible or transi- 
tional forms. The available evidence sug- 
gests that such forms do not exist but final 
conclusions must await the results of critical 
experiments. 


THE HOST 


Syphilis, a natural disease of man, can be 
successfully transferred to a variety of ex- 
perimental animals. Of these the mouse 
and the rabbit have been most extensively 
studied. In each of these three hosts the 
disease assumes peculiar attributes, many 
of which have not yet been fully explained. 
A study of the disease in the mouse, in the 
rabbit and in man reveals an ascending 
order of complexity. Each reacts charac- 
teristically to the infection yet the disease 
in each species may at times present mani- 
festations usually associated with one or 
both of the other two. 

Mouse. Syphilis assumes its simplest 
form in the mouse. Mice inoculated with 
emulsions of active syphilomas from rabbits 
have never been observed in reproducible 
experiments to develop any lesions at the 
site of inoculation or elsewhere. Neverthe- 
less, tissue from such mice, when trans- 
ferred back to rabbits, are capable of 
producing treponeme-containing syphilomas 
in these animals. Disregarding the possible 
existence of granular or invisible variants 
of the organism, several questions immedi- 
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ately come to mind. What happens to the 
inoculated treponemes? We know that dif- 
ferent tissues of the syphilitic mouse show 
variable degrees of infectivity for rabbits, 
but this knowledge throws no light on the 
fate of the organisms originally inoculated 
into the mouse. Do they migrate to various 
tissues and there multiply or once reaching 
their ultimate destination do they lie 
dormant? If multiplication does occur, one 
would assume that tissues from a mouse 
inoculated, e.g., ninety days previously, 
would be more infectious for a rabbit and 
produce lesions following a shorter incuba- 
tion period in this animal than tissues from 
mice inoculated with similar material ten 
days earlier. That this is actually what 
occurs has not yet been conclusively demon- 
strated. If it is conceded that treponemes in 
mouse tissues do multiply, and it is difficult 
to conceive of a living metabolizing organ- 
ism at body temperature that does not, 
then does the rate of their destruction keep 
pace with their rate of multiplication? 

Indirect evidence suggests that destruc- 
tion of treponemes takes place at a greater 
rate in the mouse than in the rabbit. Mag- 
nuson and Eagle have demonstrated, and 
their work has since been confirmed, that a 
rabbit can be successfully infected by the 
inoculation of a single treponeme. In the 
mouse, however, the minimal infectious 
number of treponemes, although not yet 
established with accuracy, is at least several 
thousand organisms. What are the peculiar 
qualities in the mouse economy which 
prevent organisms below this numerical 
threshold from obtaining a foothold in the 
tissues where they may multiply until they 
reach the level of infectivity for the rabbit? 
Are the metabolic processes in the mouse 
different in one or more crucial respects 
from those of the rabbit? Are unknown 
treponeme inhibitory factors operative in 
the mouse and can they be identified and 
isolated? Such information if it becomes 
available may be of practical value when 
applied to the prevention of the disease in 
man. 
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The mouse, rabbit and man in this order 
show an increasing frequency of tissues 
which react to syphilitic infection. All tissues 
of the mouse are apparently non-reactive. 
In the rabbit only the testes, the skin, bone 
and the eye react with demonstrable lesions. 
In man no tissue is immune to the develop- 
ment of lesions. Is it possible to define the 
fundamental biologic differences among 
these three hosts which are responsible for 
their differing reactions to syphilitic infec- 
tion? The mouse is completely resistant to 
tissue damage even when overwhelming 
numbers of organisms are inoculated. Can 
methods and procedures be developed to 
overcome this tissue resistance and to pro- 
duce syphilitic lesions in this animal? 
Certainly such knowledge would be of the 
greatest import to the understanding of the 
human disease. 

The question may be posed as to whether 
syphilis in the mouse is biologically a true 
infection and, further, whether observations 
on the syphilitic mouse are applicable to an 
understanding of syphilis in man. Mouse 
syphilis is apparently analogous to latent 
syphilis in man, but this analogy is not 
completely tenable when it is recalled that 
the syphilitic mouse never develops tissue 
lesions, in contrast to the human with latent 
sy philis who occasionally does. The syphilitic 
mouse appears to be in reality a test tube 
in which the treponeme is maintained and 
from which it can be recovered only through 
rabbit transfer. Is the mouse host in any 
way disturbed by this symbiotic relation- 
ship? So far as is known it is not, although 
further studies are required before this ques- 
tion can be categorically answered in the 
negative. What for instance is the influence 
of syphilis on the longevity of the mouse? 
The answer to this question must await 
future study. 

Rabbit. The disease in rabbits more 
nearly approaches the manifestations of 
human syphilis than it does in the mouse 
although here, too, significant differences 
are evident. After inoculation and following 
an incubation period similar to that ob- 
served in man a local lesion develops which 
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ultimately assumes all of the features of the 
human chancre. Subsequently, generalized 
lesions of the bone and skin may occur and 
occasionally interstitial keratitis and iritis 
are seen. Clinically and histologically, these 
lesions are in every way similar to their 
human counterparts but the course of the 
disease in rabbits is still fundamentally 
different from syphilis in man. With the 
exception of an occasional instance of iritis, 
secondary lesions do not occur in the rabbit, 
the skin and bone lesions that are sometimes 
seen being more like gummas than like 
secondaries. What factor or factors are 
operative in rabbit skin that inhibit the 
skin manifestations which occur in human 
syphilis? The absence of a maculopapular 
skin eruption in rabbits may possibly be due 
to the protective covering of thick fur. This 
cannot be the entire explanation, however, 
since the ears of the rabbit have a scant 
amount of hair and yet a secondary rash 
does not appear on them. 

The original lesion in the rabbit is in 
every respect similar to the human chancre 
yet the end results of rabbit syphilis are 
quite different from those in man. Even 
though countless numbers of rabbits have 
been exposed to syphilitic infection, syphilitic 
lesions of the cardiovascular or central 
nervous systems have never been observed. 
Further, gummatous lesions of the visceral 
organs have likewise never been noted. Here 
is evidence of organ resistance similar to 
that which all organs of the mouse appar- 
ently possess. Is the absence of syphilitic 
involvement of the vital organs in the rabbit 
a real indication of tissue resistance or is 
some other factor operative? The inoculated 
organisms must reach the various tissues 
since they can be recovered from the blood 
stream early in the infection. Are they 
destroyed in these organs, particularly in 
the central nervous system and in the 
cardiovascular system by some unidentified 
inhibitory agent? Does the body tempera- 
ture of the rabbit, which is about 2 degrees 
above man’s temperature, inhibit the growth | 
of the organisms? Or does the true answer 
to the absence of involvement of vital 
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organs lie in the relatively short period 
during which syphilitic rabbits are usually 
observed? In man symptoms of cardio- 
vascular or central nervous system lesions 
occur in from five to twenty or more years 
after infection. Perhaps the incubation 
period required before disease becomes 
manifest in these organs is longer than the 
life span of the rabbit and this is the reason 
for the absence of visceral lesions. The 
rabbit lives for about eight years. So far as 
is known large groups of syphilitic rabbits 
have never been held for their entire 
natural life span, with careful autopsies at 
death to determine the presence or absence 
of involvement of the nervous and circula- 
tory systems. Such an experiment might 
throw light on the problem of tissue 
localization of syphilitic lesions. 

In contrast to the as yet unexplained 
absence of visceral lesions in the rabbit the 
testes are almost always involved in the 
syphilitic process, regardless of the mode of 
inoculation. Warthin has postulated that 
in man, too, the testes react to syphilitic 
infection in a high proportion of patients, 
but recent studies have shown that the 
anatomic changes in the testes and other 
organs which Warthin accepted as evidence 
of syphilis actually occur as frequently in 
individuals who have never had a specific 
infection. A satisfactory explanation has 
never been offered for the frequent localiza- 
tion of syphilitic. lesions in rabbit testes. Is 
it the result of such physical factors as tem- 
perature and humidity or is it due to the 
physiologic fact that rabbit testes are 
located not only in the scrotum but fre- 
quently slip back into the inguinal canal 
or even into the peritoneal cavity? One 
other possibility may merit study. The 
spreading factor described by Duran- 
Reynals, which is exceptionally potent in 
testicular tissue, may favor the localization 
of treponemes in the rabbit testes and their 
growth therein. If this hypothesis is correct, 
then the spreading factor in the testes of 
the rabbit and of man presumably differ, 
at least quantitatively. 

Treponemes localize in the lymph nodes 
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of the inoculated rabbit. They can in every 
instance be recovered at any subsequent 
time by subinoculation of emulsified lymph | 
nodes into a second rabbit, which reacts 
with an active lesion at the site of inocula- 
tion. In this respect the rabbit infection 
differs from the human disease for rabbit 
inoculation of excised lymph nodes from 
syphilitic patients only occasionally results 
in the production of a lesion in the inocu- 
lated animal and then only in the early 
phases of the human infection. Why are 
treponemes generally not demonstrable in 
the lymph nodes of latent human syphilitics 
while in rabbits they can always be re- 
covered from lymphoid tissue? Is this not 
an indication of a fundamental biologic 
difference between the two species, and 
does not this difference suggest that infor- 
mation based upon rabbit investigations be 
applied to man only with the greatest of 
caution? 

An extension of this thought suggests still 
another difference between the rabbit and 
the human disease. There is good evidence 
now that asymptomatic infection of the 
rabbit does not occur. Careful and frequent 
examination of the inoculation site in- 
variably reveals the presence of a lesion in 
which treponemes can be demonstrated. 
When such examinations fail to disclose a 
lesion, the draining lymph nodes do not 
produce chancres in subinoculated rabbits. 
In man, however, many reliable and co- 
operative witnesses when discovered to be 
infected fail to recall any primary or 
secondary lesions. This testimony is so fre- 
quent that the occurrence of asymptomatic 
infection in man must be accepted. Here 
again is a distinguishing feature between 
the rabbit and the human disease which 
requires explanation. 

Man. The study of syphilitic infection 
in the laboratory animal presents no real 
difficulties since experimental procedures 
in this instance are limited only by the 
particular interest, ingenuity and technical 
skill of the investigator. Experimental tech- 
nics are not so readily applicable to study 
of the human disease in which reliance 
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must be placed largely on historical data, 
case histories, statistical assays and labora- 
tory and autopsy findings. Augmenting 
these approaches, insight into the human 
disease can sometimes be obtained by 
analogy with animal observations, but 
objective evidence in support of such con- 
clusions is frequently difficult to secure. 
There are innumerable unsolved laboratory 
and clinical problems in human syphilis; 
every student of the disease can recall 
many problems with which he is repeatedly 
confronted in his own field of special 
interest. Here an attempt will be made to 
discuss general problems having broad 
clinical implications. Much work and clear 
thinking will be required before they are 
finally solved. 

First there is infection, and infection is 
acquired predominantly through contact 
of mucous surfaces. An infected source has 
contact with two individuals within close 
time intervals. The first develops syphilis, 
the second does not. What is the explana- 
tion for this occasional difference in re- 
sponse? Does it depend on the total number 
of available organisms at the source of 
infection? In rabbits inoculation of a single 
organism is frequently sufficient to infect; 
in the mouse several thousands are required. 
What is the minimal number of treponemes 
necessary to establish infection in man? 
Does the number of organisms vary in the 
same open infecting lesion and, if so, what 
are the factors influencing this variability? 
If the treponemes in a fresh lesion are 
numerically constant, does the suscepti- 
bility of individuals coming in contact with 
this lesion vary? And if this variability 
exists, is the number of organisms required 
to establish an infection in one individual 
insufficient to initiate infection in another? 
If strains of treponemes exist, does the 
minimal infectious number vary with the 
strain or is natural immunity strain-specific 
rather than species-specific, and is this the 
reason why one individual fails to develop 
syphilis following contact with an infected 
source while another after contact with the 
same source does become infected? 


We know very little about natural or 
specific immunity to syphilis in man. 
However, certain conclusions have with- 
stood the test of time and are now gen- 
erally accepted. Well controlled surveys 
have repeatedly demonstrated that syphilis 
is less frequent in the female than in the 
male and this is independent of race. More- 
over, in a group of known syphilitics the 
disastrous late complications of the disease, 
i.e., cardiovascular or central nervous sys- 
tem involvement, are likewise less frequent 
in the female than in the male. A possible 
explanation for this difference lies in the 
differing hormonal production of the two 
sexes, a conclusion which gains credence 
by the general impression that pregnancy 
may exert a benign influence on the lesions 
of early syphilis. Here we have an observa- 


tion and a tentative conclusion, but little — 


has been done to determine the specific 
hormones that may be involved in the sup- 
pression of syphilitic manifestations in the 
female or in the enhancement of these mani- 
festations in the male nor do we know the 
mechanism by which these results are pro- 
duced. This is clearly a field which merits 
further investigation. 

In the rabbit natural immunity to 
syphilis is demonstrably a function of breed; 
in man it has been observed that race in- 
fluences the reaction to syphilis but how 
breed in the rabbit or race in man accom- 
plishes this effect is not known. It is 
customary in a consideration of racial dif- 
ferences to rely upon physical constitution 
and skin pigmentation as distinguishing 
determinants, but biologic differences are 
also present as can be demonstrated in the 
rabbit. The hemocytologic pattern of rab- 
bits differs significantly among different 
breeds, and indeed this pattern has been 
successfully used as an index to prognosti- 
cate the outcome of subsequent inoculation 
with a transplantable tumor. How the 
hemocytologic formula of rabbits exerts 
this influence is not known, but a high 
degree of correlation does exist between 
pre-inoculation blood cell levels and the 
response to the Brown-Pearce tumor. In 
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man, too, the hematologic formula differs 
significantly among individuals, and it is 
entirely possible that natural immunity to 
a chronic disease like syphilis may be 
related, at least in part, to the individual 
blood cell formula. Other biologic factors 
of a non-specific type may also be involved 
in individual or racial susceptibility to 
syphilis, factors such as the blood levels of 
various organic and inorganic compounds, 
the pH of the blood and tissues, the carbon 
dioxide combining power of the blood or 
other biologic variables which can be 
quantitatively evaluated. 

Once infection has been established, a 
complicated series of events aimed at sup- 
pressing it takes place within the host. 
Comparatively little is known about specific 
immunity in syphilitic infection in man. 
The usual antigen-antibody reaction is not 
operative. Antibodies capable of neutraliz- 
ing the infectiousness of treponemes are 
not produced, nor is it possible to demon- 
strate agglutinins or precipitins which are 
effective against the living organism. Never- 
theless, there is good evidence that a real 
immunity develops in syphilitic infection. 
Many persons known to have been infected 
live their lives through without serious in- 
convenience and, indeed, lesions of syphilis 
recognizable as such during life or at au- 
topsy may never develop in them. What 
are the factors which cause the suppression 
of tissue changes in these instances? Only 
a small percentage of infected persons ever 
develops specific lesions in the central 
nervous or cardiovascular systems. What 
influences are operative to localize the 
infection in these vital in some 
persons, or to inhibit the development of 
specific lesions in others? Are they of a 
a physiologit nature, blood flow for in- 
stance? Are they related to variations in the 
tissue metabolism of the infected host or 
are they characteristic of a true immunity 
the exact nature of which is still unknown? 

The modus operandi of serodiagnostic tests 
for syphilis requires further study. None of 
these procedures employs a specific antigen 
yet it is apparent that a positive serologic 
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test for syphilis is quite definitely related to 
syphilitic infection for serologic positivity 
is significantly more frequently associated 
with anatomic lesions of syphilis than is 
serologic negativity. In spite of this how 
can we explain the fact that about one- 
fourth of syphilitics in whom lesions of syph- 
ilis are found at autopsy were serologically 
negative during life, or the fact that many 
diseases other than syphilis frequently ex- 
hibit positive serologic reactions, or the 
fact that normal uninfected and presum- 
ably healthy persons are encountered on 
occasion with sera which give positive 
serologic tests? The work of Neurath holds 
great promise of resolving the dilemma, 
but the true nature of the antibody response 
in syphilis requires further study before the 
mechanism of serologic tests is clarified. 

There is much talk of reagin, but the 
exact nature and characteristics of reagin 
have yet to be defined. Positive serologic 
tests for syphilis have been induced in the 
rabbit by repeated injections of killed 
treponemes which suggests that reagin is a 
specific antibody to the organism. If this is 
true, one would expect that the presence of 
reagin would offer protection against infec- 
tion, but this inference is not substantiated 
by the observation that rabbits with in- 
duced positive serologic tests for syphilis 
were not protected against infection. Tradi- 
tional concepts of antigen-antibody inter- 
action fail to explain either the serologic 
reactions employed as a diagnostic test for 
syphilis or the immunity known to be 
established in the course of the infection. 
New and perhaps unorthodox working 
hypotheses will be required before the 
apparent paradox is understood. In the 
last analysis it is likely that complete 
understanding will have to await the suc- 
cessful artificial cultivation of the patho- 
genic agent. 

Almost a decade has elapsed since Moore 
emphasized our lack of knowledge of the 
time and method of fetal infection in con- 
genital syphilis. Little has been done since 
then to add to our understanding of this 
problem. Congenital syphilis has never been 
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observed in the experimental animal. In 
the mouse ovarian tissue and blood have 
been shown to be infectious for rabbits 
although the offspring of mothers on whom 
these tests were carried out were not them- 
selves infected. Studies on the syphilitic 
rabbit have demonstrated the infectious 
agent in blood, uterus and placental tissue. 
In spite of these findings the offspring of 
similarly infected rabbits observed in paral- 
lel regularly failed to demonstrate any 
indication of congenital syphilis. Congenital 
syphilitic infection is apparently unique in 
the human species. The simplest explana- 
tion—that infection of the fetus occurs 
through passage of treponemes via _ the 
placenta from the maternal blood stream— 
implies a sequence of events which is diffi- 
cult to accept. It suggests that a syphilitic 
woman, whose infection may be of several 
years duration and who may reveal no 
clinical manifestations of the disease, de- 
velops a blood stream infection at the time 
of or soon after impregnation. This invasion 
of the maternal blood stream by treponemes 
moreover is not accompanied by any clinical 
indication of tissue lesions. The infectious 
agent then passes through the placental 
barrier to the fetus in which evidence of 
infection is delayed until approximately the 
fifth month of gestation or later. This hy- 
pothesis calls for an explanation of many 
aspects of the problem, among which are 
the following: (1) How does the state of 
pregnancy incite a blood stream invasion 
in a woman whose disease is of several years’ 
duration? (2) How can we account for the 
fact that in the presence of this hypothetical 
treponemia the pregnant syphilitic woman 
does not develop syphilitic involvement of 
her tissues? (3) How can we explain the 
delay in the tissue manifestations of syphilis 
in the fetus until about the fifth month of 
gestation? These questions have been asked 
before but the answers to them are not yet 
at hand. Perhaps the entire explanation 
lies in a simpler working hypothesis, here 
offered as a basis for further investigation. 
At the time of infection (according to 
this hypothesis) treponemes are distributed 


Unknowns in Syphilis—Rosahn 


throughout the host, lodging in various 
organs, including the uterus. They soon 
reach a state of equilibrium but retain their 
potential capacity for proliferation and 
invasion. After impregnation the uterus, 
no longer static, actively expands to ac- 
commodate the developing fetus. Con- 
comitant with these uterine changes the 
treponemes located in the uterus partici- 
pate in the activity by multiplying and 
invading, ultimately lodging in the amniotic 
fluid. Fetal infection takes place through 
this fluid which reaches the pulmonary 
tissue as a result of the intrauterine respira- 
tory movements of the fetus. These move- 
ments, noted as early as the twelfth week of 
gestation, continue in the fetus throughout 
intrauterine life. If infection of the fetus 
actually takes place in this manner, it will 
account for the fact that signs of congenital 
syphilis are rarely if ever observed earlier 
than the fifth month of fetal existence. The 
time of onset of intrauterine respirations, 
added to the time elapsing before infection 
actually occurs, plus the incubation period 
for the production of lesions, totals approxi- 
mately five months. Continuous contact 
with infected amniotic fluid may perhaps 
explain the pathogenesis of pneumonia 
alba. Following pulmonary infection, gen- 
eralized dissemination of the organisms 
occurs via the blood stream. The first step 
in verification of this hypothesis will neces- 
sarily be to determine whether the amniotic 
fluid of the syphilitic mother is infectious 
early in pregnancy. Aspiration of amniotic 
fluid apparently carries no risk to the mother 
and can be performed in selected cases by 
needle puncture through the abdominal 
wall and uterus. The hypothesis presented 
here may not explain all of the factors in the 
pathogenesis of congenital syphilis but it 
suggests an approach to the problem which 
warrants investigation. 

Arsenotherapy for syphilitic infection was 
introduced in 1910. Now, in 1948, we still 
lack precise knowledge of the effectiveness 
of this form of treatment in preventing the 
late disastrous manifestations of the disease. 
Carefully controlled clinical studies checked 
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by routine autopsy surveys and based upon 
statistically adequate samples have yet to 
be pursued. The work of Bruusgaard on 
the end results of untreated syphilis is well 
known and this has been confirmed by a 
recent review of autopsy material. But no 
similar report has appeared on the end 
results of adequately treated syphilis on 
which to base a comparison and by which 
it can be determined with a fair degree of 
accuracy just exactly what arsenotherapy 
did accomplish. It is to be hoped that this 
will not be said about penicillin thirty 
years hence. 

Penicillin has revolutionized the therapy 
of syphilis. It thas reduced the hazards 
associated with heavy metal treatment sys- 
tems, it has shortened the duration of 
treatment, it has increased the number of 
patients who complete the prescribed treat- 
ment regimen, it has been outstanding in 
its prevention of prenatal syphilis and in its 
beneficial influence on infantile congenital 
syphilis, it has been highly effective in early 
acquired syphilis, in the benign gummatous 
lesions of late syphilis and in neurosyphilis. 
Organized cooperative clinical studies have 
within a relatively short time been emi- 
nently successful in defining the usefulness 
and limitations of the drug. But equally 
important, the introduction of penicillin has 
stimulated investigations on the biology of 
syphilitic infection which promise to be as 
significant as the therapeutic effectiveness 
of the drug itself. A fundamental study, for 
example, is the determination of the mode 
of action of the drug. Recent work in this 
direction suggests that penicillin causes a 
disturbance in the uptake of amino acids by 
susceptible organisms. It is conceivable 
that an extension of these studies may 


contribute to our knowledge of the meta- | 


bolic functions of the treponeme and that 
this information in turn may well lead to 
the successful artificial cultivation of the 
pathogenic form. Similarly, the evaluation 
of penicillin in early syphilis has directed 
attention to the important distinction be- 
tween relapse and reinfection and to the 
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biologic factors responsible for these clinical 
entities. 

Through studies on the_ therapeutic 
efficacy of penicillin in syphilis our knowl- 
edge of the disease has been expanded and 
attention has been directed to numerous 
problems which call for solution. Joseph E. 
Moore has recently presented a provocative 
discussion of many of these problems among 
which he lists the following: 

‘“‘Why is early syphilis uniformly curable 
in the rabbit with proper adjustment of 
time and dose, whereas in man, no matter 
what the treatment system employed, there 
is a substantial residue of failure? 

**Why are not the synergism of penicillin 
with arsenic, the additive effect of bismuth, 
or the enhanced effect of penicillin given 
at fever temperatures equally demonstrable 
in man and rabbit? 

‘“‘What is the significance of low titer 
seroresistance in early syphilis after peni- 
cillin (or any other) treatment, i.e., the 
persistence of a small quantity of reagin in 
the blood over a long period of time? 

“Can any criteria be devised which will 
serve to differentiate reinfection from re- 
lapse? 

‘What is the effect of penicillin on resting 
versus rapidly dividing T. pallidum? 

‘What is the relationship of the time-dose 
factor of penicillin treatment to the rate of 
multiplication of T. pallidum? 

“Does prolonged seronegativity in man 
after the penicillin treatment of early 
syphilis indicate cure? 

‘Why should fetal infection, which isoften 
massive and overwhelming as compared to 
the acquired disease in adults, be so readily 
and completely curable as the result of a 
fetal tissue concentration of penicillin sub- 
stantially lower than that in the maternal 
body? 

“*Is late syphilis in man also curable with 
this drug? 

“Are the good results in neurosyphilis 
permanent?”’ 

It is penetrating questions such as these 
which will serve as a stimulus to investiga- 
tors of the future. 
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And what of the future? How best can 
our resources be organized and coordinated 
in a frontal attack on the problems just 
outlined and on others that come readily to 
mind? Available funds in the past have 
been largely utilized for clinical and epi- 
demiologic studies. These have served and 
are serving their useful purposes; they 
have advanced our understanding of diag- 
nostic and therapeutic problems in syphilis, 
they have been responsible for reducing the 
public health hazards of the disease and 
they have contributed in large measure to 
fundamental concepts in the biology of 
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syphilitic infection. It is apparent, however, 
that many of the basic problems in syphilis 
can be solved only through laboratory 
research. To this end encouragement should 
be given not only to the serologist, the 
bacteriologist and the pathologist but also 
to investigators in the basic sciences of 
physics and chemistry. Modern technics 
in physical and chemical research, not 
excluding those of atomic exploration, can 
well be adapted to elucidating many of the 
mysteries in the life history of ‘syphilitic 
infection. In this direction lies greater 
knowledge and understanding. 
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HE advent of rapid treatment 

methods for syphilis has renewed 

interest in the problems of immu- 
nity in this disease. Such renewal arises with 
each therapeutic advance since a more 
adequate knowledge of immunity is required 
for the proper evaluation of therapeutic 
results. It is also essential for the interpre- 
tation of the fundamental biology of the 
infection as it relates to latency, clinical 
progression, relapse and their attendant 
problems. An understanding of the mech- 
anisms involved may eventually render 
possible the production of this immunity 
by artificial means although the end is not 
now in sight. 

The purpose of the present review is to 
summarize current knowledge of immunity 
in syphilis and to examine in some detail 
the pertinent experimental and clinical 
literature appearing since Chesney’s monu- 
mental review! in 1927. For a discussion of 
the older literature the reader is referred to 
Chesney,! Neisser,? Levaditi*? and Bruck.‘ 
More recent summaries have been those of 
Urbach and Beerman,*® Worms‘ and Truffi.’ 

Unfortunately, the term “immunity” has 
been employed differently by various au- 
thors. By some the term has been confined 
to an almost solid resistance against infec- 
tion while others have included any altera- 
tion in the host’s response to infection. As 
used in the present review “immunity” may 
better be interpreted as “‘resistance.” Dis- 
cussion will be limited to those factors 
modifying the host’s resistance to infection 
by Treponema pallidum. In evaluating 
_ these factors, the relationships between the 
infecting organism and the host are most 
complex, and neither the factors involving 


the host nor the infecting organism can be 
considered independently, nor can they be 
considered in a mere qualitative sense. A 
quantitative approach is requisite to an un- 
derstanding of the multiple factors involved. 


NATURAL IMMUNITY 


Natural immunity or resistance includes 
those factors not due to previous experience 
with the infecting organism which modify 
the host’s susceptibility to infection. Such 
resistance may be local or general but in 
many instances the degree to which each 
contributes cannot be ascertained. 

There has been no evidence to refute the 
belief that syphilis is a disease occurring 
naturally in man alone. A symptomatic 
disease has been produced in apes and. in 
rabbits which runs a course analogous to 
if not identical with that in man. Both 
species have been used experimentally 
although nearly all of the Yecent experi- 
mental work has been done in the rabbit. 
Since the appearance of Chesney’s re- 
view,**!° ample evidence has been brought 
forward that many animals, e.g., mice, rats, 
guinea pigs, hedge-hogs and hamsters, 
previously thought immune to syphilis, 
may be infected experimentally, but that 
in such animals the disease remains asymp- 
tomatic. The infection may be demonstrated 
in these animals by transfer to a susceptible 
host or in some instances by staining of the 
Treponema by suitable silver stains. There 
is at the moment no adequate explanation 
for the asymptomatic course of the infection 
in these animals. It is known that the 
organisms may survive for long periods of 
time and multiply in the asymptomatically 


*From the Syphilis Experimental Laboratory, U. S. Public Health Service, University of North Carolina, 
Chapel Hill, N. C. | | 
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infected host. The tissues do not respond 
with clinically or pathologically demon- 
strable lesions; and so far as is now known, 
the infection is without deleterious effect 
upon the animal. Since the results of infec- 
tion in these species are the same regardless 
of the route of inoculation, it would appear 
that whatever the mechanism of this re- 
sistance it is a systemic phenomenon. 

In rabbits there are some differences in 
natural resistance to infection as measured 
by the number of spirochetes required to 
produce the disease. Morgan and his co- 
workers'':!?!3 observed that a single T. pal- 
lidum failed to produce infection, larger 
numbers produced asymptomatic infection 
and the intratesticular inoculation of some 
twenty to one hundred organisms usually 
produced symptomatic infection. Besse- 
mans!‘ noted that approximately 10 per 
cent of the rabbits failed to develop symp- 
tomatic infection when given the usual 
inoculum but such animals were actually 
asymptomatically infected. No quantita- 
tive data are available as to the size of the 
inoculums. 

These findings differ from those reported 
by Magnuson, Eagle and Fleischman’ who 
found that the minimal infectious inoculum 
of the Nichols strain of T. pallidum on in- 
tratesticular in6culation was one spirochete. 
The infectious inoculum by the intracutane- 
ous route was somewhat higher, approxi- 
mately five spirochetes producing infection 
in 50 per cent of the animals. Under their 
experimental conditions these same authors 
found asymptomatic infection extremely 
rare in normal animals. Failure to develop 
symptomatic disease nearly always meant 
that the animal had escaped infection. 
Similar findings have been recorded by 
Rake'® who, in his use of the abortive treat- 
ment of syphilis for therapeutic assay of 
penicillin, found a similar negligible inci- 
dence of asymptomatic infection. The dis- 
crepancies in the incidence of asymptomatic 
infection in normal animals reported by 
Magnuson and his co-workers and Rake 
and his co-workers, as contrasted with the 
older findings of Morgan and of Bessemans, 
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may perhaps be attributed to differences in 
the adaptation of the strains used and in 
the rigidity with which environmental 
factors were controlled. It is now well 
recognized that for rabbits to develop 
symptomatic infection regularly it is neecs- 
sary to keep them at an environmental 
temperature below 75°r. Magnuson, Eagle 
and Fleischman" have described additional 
factors related to the parasite which they 
believe may be partially responsible for 
discrepant results. The degree to which a 
similar low incidence of asymptomatic in- 
fection applies to man is unknown since 
small lesions may be overlooked by the 
patient resulting in an asymptomatic infec- 
tion in practice if not in fact. 

In the experiments cited, organisms were 
inoculated directly through the natural 
barriers imposed by skin or mucous mem- 
brane. Probably such barriers are impor- 
tant in the resistance of animals and man 
to infection but it is difficult to evaluate the 
relative importance of these barriers. Ma- 
honey and Bryant'’ have shown that the 
rabbit may be infected .by exposing the 
unbroken mucous membrane of the prepuce 
to spirochetal emulsion and that such infec- 
tion presumably takes place through the 
intact mucous membrane. It is interesting 
to note the report of Wilson'® who found 
the incidence of primary syphilis among 
soldiers in the Canadian army during the 
past war significantly higher in uncircum- 
cised than in circumcised males. Presum- 
ably factors influencing local resistance were 
responsible. | 

A brief study by Frazier?’ suggests that 
the manifestations of the experimental 
disease may differ in certain strains of 
rabbits. When seven albino and eight brown 
rabbits were inoculated with Nichols strain 
of T. pallidum, the former developed a 
more intense orchitis of longer duration 
than the latter animals. This same group 
showed a higher incidence of a metastatic 
keratitis with six of the seven albino animals 
developing metastatic eye lesions while 
only one out of eight brown rabbits de- 
veloped such lesions. 
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Rosahn”? compared the severity of ex- 
perimental syphilis in five standard breeds 
of rabbits by measuring the frequency, time 
of occurrence and severity of various me- 
tastatic lesions. The English, Himalayan, 
and Rex rabbits were considered more sus- 
ceptible than the Havana and Dutch breeds. 

There is no indication of a true racial 
immunity to syphilis in man although 
evidence suggests that the course of the 
disease and the nature of clinical manifesta- 
tions may show some variation. Perla’® 
believes that such apparent variations in 
natural racial resistance are due to differ- 
ences in the opportunities for infection as 
determined by previous saturation of the 
population with the disease. Interesting 
speculation as to the réle played by racial 
and environmental factors in such as re- 
sistance has been advanced by Hudson.”° 
He believes that yaws and syphilis are 
identical diseases caused by the same organ- 
ism and that the clinical differences may be 
attributed to long-standing environmental 
factors. 

In the absence of inoculation experiments 
it is impossible to assess accurately the 
degree to which natural immunity may 
occur in man. Recent studies”* have indi- 
cated that approximately 50 per cent of the 
named contacts of primary and secondary 
syphilis apparently escaped infection. Inter- 
pretation of such findings is difficult since 
the degree of contact between the infectious 
patient and his contact is unknown. If ef- 
fective contact occurred, there is no infor- 
mation as to the size of the inoculum, site 
of inoculation or whether infection failed 
because of local factors preventing pene- 
tration or by reason of systemic factors 
which overcame the invading organisms. 
Determination of the degree of natural 
immunity in man must be deferred until 
these inoculation variables can be controlled. 


ACQUIRED IMMUNITY 
Acquired immunity comprises that re- 
sistance of the host to infection which is 
dependent upon the host’s previous experi- 
ence with the same or related infecting 
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organism. While it is recognized that much 
of the animal data on acquired immunity 
are not directly transferable to man, the 
multiple variables preclude answering many 
questions by clinical means alone. The 
known clinical facts are paralleled to a 
remarkable degree by the findings in ex- 
perimental animals, and this correlation 
suggests that new experimental findings 
may have their counterpart in the human 
infection. Many of our basic concepts of 
acquired immunity have had to rest upon 
such animal evidence. 

Factors involving the infecting organisms 
which appear to influence the course of 
acquired immunity include: strain of the 
organism, virulence of the organism (for 
the particular host) and size of the inocu- 
lum. Host factors include: duration of the 
original immunizing infection, site and 
manner of the first and second inoculations 
and possibly the degree of systemic or local 
reaction to the original infection. The inter- 
action of these factors may be expressed as 
a complete immunity, a partial immunity, 
no immunity or perhaps an increased sensi- 
tivity to the organism or its products. The 
degree to which these various factors influ- 
ence the interpretation of our present 
knowledge of immunity in syphilis will be 
indicated below. 

At the time of Chesney’s monograph 
experimentalists were divided into two 
schools regarding the existence of acquired 
immunity. This difference of opinion is still 
unresolved although the weight. of present 
evidence would seem to support the view 
of Chesney. Generally speaking, the au- 
thor’s experiments indicated that a true 
acquired immunity developed during the 
course of experimental syphilis. In sum- 
marizing his own and earlier experiments 
he demonstrated that the determining 
factor in the development of such immunity 
was the duration of the primary or im- 
munizing infection prior to its termination 
by treatment. If the immunizing infection 
lasted less than three months, reinoculation 
of the homologous strain by the same route 
as the original inoculation was usually 
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followed by clinical reinfection. If the im- 
munizing infection was terminated by 
treatment after three months, similar rein- 
oculation with the homologous strain usually 
did not result in symptomatic reinfection. 
The experimentalists agree on these ob- 
servations, but differ as to whether this 
failure to react to the second infection 
represents a true immunity, or whether it 
represents an altered reactivity of the 
animal due to the persistence of the original 
infection. Chesney’s experiments and those 
of Uhlenhuth and Grossman,” Vasar- 
helyi,?®> Gastinel?® and Worms,* among 
others, have shown that animals could be 
cured with various arsphenamine drugs as 
shown by node transfer, and that these 
cured animals remained immune to subse- 
quent reinoculation. This view is contested 
by Neisser,? Finger and Landsteiner,?’ 
Kolle and Prigge,”* and Truffi’ who main- 
tain that failure to reinfect an animal is due 
to the persistence of the original infection 
and, that if the original infection is cured, 
no true immunity remains. 

The position taken by Kolle and Prigge 
is well summarized in their experiments 
reported in 1934.78 Rabbits were inoculated 
with either the Nichols or Truffi strains of 
T. pallidum and treated 319 to 328 days 
later with doses of salvarsan ranging be- 
tween 0.01 Gm. to 0.3 Gm. per Kg. of 
body weight. Node transfers one year after 
treatment were negative on the animals. 
given the highest (0.3 Gm.) dose. One of 
fifteen animals given the middle . dose 
(0.03 Gm./Kg.) was positive and eleven of 
eighteen animals given the smallest dose 
(0.01 Gm./Kg.) were positive. The animals 
were then reinoculated with the homolo- 
gous strain of T. pallidum. None of these 
animals developed a chancre. Two hundred 
eighty-one to 296 days after reinfection the 
node transfers were repeated. Of animals 
receiving the highest dose of neoarsphena- 
mine, seven of twenty were positive on node 
transfer; with the intermediate dose, one 
of seven was positive; and with the small 
dose, one of five was positive. Kolle and 
Prigge concluded that these animals had a 
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so-called chancre immunity but denied the 
existence of true acquired immunity; of 
twenty animals treated with the largest 
dose seven developed asymptomatic rein- 
fection. Since animals treated with smaller 
amounts of neoarsphenamine were not 
regularly cured, the incidence of asympto- 
matic reinfection could not be evaluated in 
these animals. The authors suggested that 
the apparent discrepancy between their 
results and Chesney’s might be attributable 
to the fact that Chesney gave his challeng- 
ing inoculations shortly after the arsenical 
therapy, possibly permitting the slowly 
excreted arsenic to serve as a prophylactic 
against the second inoculation. 

It is the present reviewer’s opinion that 
the results of these experiments do not bear 
out Kolle’s conclusions. Although the 
animals had been cured as demonstrated 
by the negative node transfers, the animals 
were resistant to symptomatic reinfection. 
Thus, “‘chancre immunity” was not depend- 


‘ent upon the persistence of the original 


infection. Of the twenty animals carried to 
the end of the experiment, thirteen were 
completely resistant to the inoculum used 
as confirmed by negative node transfers. 
The fact that seven of the twenty animals 
developed an asymptomatic reinfection 
probably indicates partial immunity in 
these animals. The quantitative relation- 
ships between these types of results will be 
discussed below. The suggested prophylactic 
action of previous therapeutic neoarsphena- 
mine has been excluded by other authors.”® 

More recently Vaisman*® concluded on 
the basis of two superinfection experiments 
in rabbits that syphilis did not confer true 
immunity at the various stages of its evolu- 
tion. In the first experiment six rabbits 
were inoculated intravenously with T. 
pallidum (Truffi strain), were untreated 


and then reinoculated subscrotally with the 


same strain seventy-three days after the 
first inoculation. Of the six animals two 
developed no chancre and four developed 
unilateral or bilateral syphiloma. These 
same animals were reinoculated again 152 
and 205 days after the preceding tests. 
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Only one of the six rabbits developed a 
typical chancre. The author concluded 
that six months after the first infection 
chancre immunity wads not always constant. 
In a second experiment twenty-six animals 
were infected with one of three different 
strains (Truffi, Gand, Gim) and were 
reinoculated from the forty-third to the two- 
hundred twenty-eighth day with a hetero- 
logous strain. Thirteen (50 per cent) of the 
animals developed chancres. The authors 
noted that on reinoculation the incubation 
period was shorter and the chancres tended 
to be more necrotic and in some cases 
tended to reach a much larger size. These 
experiments would indicate that chancre 
immunity is not always complete even by 
the sixth month, especially when the 
challenge is made by the heterologous 
strain. The experiments do not contribute 
to the solution of the fundamental problem 
outlined above. 

The older data suggesting that immunity 
is dependent upon persistence of the original 
infection have been adequately reviewed 
by Chesney.' In general, his analysis of the 
older work indicated that the critical factor, 
previously overlooked, was the duration of 
the primary or immunizing infection prior 
to its termination by treatment. | 

Numerous studies appearing since Ches- 
ney’s review substantiated his conclusions. 
Grossman*! treated twenty-seven syphilitic 
rabbits with large doses of salvarsan at 
118 days to several years after the first 
infection. Twenty-nine days after treat- 
ment they were reinoculated either intra- 
testicularly or intravenously. Only one 
animal showed manifest local symptoms 
and the rest remained clinically negative. 
In five of the twenty-three clinically nega- 
tive animals spirochetes could be demon- 
strated by transfer of lymph nodes and 
organs. The others were negative. The 
author concluded that rabbits could be 
absolutely immunized against syphilis. As 
the author pointed out, the fact that spiro- 
chetes were found in five animals does not 
disprove this since failure of treatment or 
individual failures in the development of 
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immunity might account for these excep- 
tions. Among six rabbits treated in the late 
stage with large doses of salvarsan and 
reinoculated by the intratesticular route 
five and one-half to seventeen months later, 
one animal showed indeterminate local 
changes and the others remained negative. 
In these five animals the virus could be 
demonstrated by transfer of glands and 
organs. The author concluded that the 
absolute protection was of relatively short 
duration. 

Somewhat similar results were encoun- 
tered by Gastinel, Pulvenis and Collart.*® 
Rabbits given scrotal inoculations with the 
Hoffman strain of T. pallidum were treated 
100 to 120 days after inoculation with 100 
mg./Kg. of neoarsphenamine weekly for 
seven weeks. Challenging infection was 
given one and one-half to twenty months 
after the last treatment. Confirming the 
efficacy of treatment, node transfers per- 
formed just before challenging inoculation 
were negative. The reinoculated animals 
were observed for six weeks and if they 
remained clinically negative a second node 
transfer was done to determine whether or 
not latent infection had occurred. Of twenty- 
four animals reinoculated within ten months 
from the end of treatment there was one 
abortive syphiloma which occurred in an 
animal reinoculated two and _ one-half 
months after treatment. One rabbit inocu- 
lated after three months and another after 
six and one-half months developed a latent 
form of syphilis as shown by positive lymph 
node transfer. The other animals developed 
neither symptomatic nor asymptomatic 
infection. Of nine animals reinoculated ten 
to twenty months after treatment three 
developed typical syphilomas. The others 
were free of inapparent or latent infection. 
In one rabbit the reinoculation was nega- 
tive at fourteen months; but when reinocu- 
lation was repeated at twenty months, a 
typical syphiloma developed. Recognizing 
Kolle’s”® objection to a short interval be- 
tween the administration of drug and rein- 
oculation, the authors treated seven control 
rabbits with the same amounts of neo- 
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arsphenamine. With but one exception all 
of these animals could be reinfected after 
an interval of twenty-five to thirty-five days 
from the last injection indicating that reten- 
tion of drug was not responsible for failure 
of reinfection in the experimental group. 
The authors concluded that within ten 
months from the end of treatment positive 
reinoculations (unapparent or latent) were 
observed in 12.5 per cent of the cases, 
syphiloma in 4.1 per cent, latent infection 
in 8.4 per cent. In the first six months the 
only lesion observed was the abortive type 
of chancre.. From ten to twenty months 
after treatment reinoculation was followed 
by the development of typical syphilomas 
in one-third of the animals tested. These 
data suggest that the immunity decreased 
with the passage of time. 

Vasarhelyi® treated sixteen rabbits after 
110, 247, 333 and 409 days with large doses 
of salvarsan (three doses of 0.10 Gm. each 
per Kg. of body weight). Challenge was 
made from eighty to ninety days after 
treatment. None of the animals developed 
clinical reinfection. All of the control 
animals infected at this same time developed 
syphilis. Node transfers on animals failing 
to develop lesions were performed 75 to 
127 days after reinoculation. Only four of 
these node transfers were positive. 

Recent experiments of Arnold, Mahoney 
and Cutler**** have shown a similar im- 
munity in rabbits following penicillin 
therapy. Thirty-seven rabbits were treated 
with curative amounts of sodium peni- 
cillin six to eight weeks after inoculation. 
Ten days after therapy challenge was made 
with the homologous (Nichols) strain by 
the same subscrotal route. Ten of the 
animals (27 per cent) developed sympto- 
matic reinfection with darkfield positive 
chancres at the site of reinoculation. The 
remaining twenty-seven rabbits (73 per 
cent) developed asymptomatic reinfection 
as demonstrated by the absence of clinical 
lesions during a fourth-month observation 
period and positive node transfers at the 
end of this time. In a similar experiment 
in which treatment was given to thirty-four 
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rabbits eight months after inoculation, the 
same challenge inoculation produced no 
symptomatic reinfections, asymptomatic re- 
infection in eighteen (53 per cent) and no 
infection in sixteen (47 per cent). Thus, a 
significant percentage of the animals were 
completely immune to the challenging 
inoculum employed. 

Gastinel, Collart and Mollinedo* re- 
ported that rabbits treated with penicillin 
six months after inoculation were com- 
pletely resistant to reinoculation. 

Magnuson and Rosenau* have attempted 
a more precise quantitative measurement 
of the rate of development and the degree 
of acquired immunity in experimental 
syphilis. Since the infectious inoculum for 
normal animals with the Nichols strain of 
T. pallidum is extraordinarily small,’® it 
was believed that degree of immunity might 
exist which could be demonstrated only by 
using small challenging inoculums. In 
nearly all previous experiments the chal- 
lenging inoculums were far in excess of the 
minimal infectious inoculum so that an 
extraordinary degree of resistance was re- 
quired to demonstrate any immunity. In 
Magnuson’s experiments rabbits were in- 
oculated either intratesticularly or intra- 
cutaneously with the Nichols strain of T. 
pallidum and treated with either mapharsen 
or penicillin three, six, twelve or twenty- 
four weeks after inoculation. Six weeks after 
treatment the animals were challenged by 
carefully graded inoculums of the homolo- 
gous strain of T. pallidum. Such reinocula- 
tions resulted in either symptomatic 
reinfection (darkfield positive lesion at site 
of reinoculation), asymptomatic reinfection 
(no lesion at site of inoculation but node 
transfer positive) or immunity (no lesions 
and node transfer negative). Using this 
quantitative technic, immunity was demon- 
strated as early as three weeks after in- 
oculation and was progressive in degree 
throughout the twenty-four-week period 
studied. This increase was determined by 
the progressive increment in the number 
of organisms required to produce a given 
response on reinoculation. At the twelfth 
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week more than ten million minimal infec- 
tious inoculums were required to produce 
symptomatic reinfections, and by the twenty- 
fourth week 50 per cent of the animals were 
completely protected against 200,000 mini- 
mal infectious inoculums. 

The quantitative data suggest that asymp- 
tomatic reinfection represents a_ partial 
immunity sufficient to destroy the majority 
of the spirochetes so that no local lesion 
develops but insufficient to destroy all of 
the spirochetes. Some spirochetes reach the 
regional lymph nodes. This phenomenon 
of asymptomatic reinfection was probably 
first recognized in immune animals by 
Chesney and Kemp** who believed that 
such an occurrence in humans might be 
responsible for a considerable number of 
the so-called serologic relapses assumed to 
be treatment failures. In their experience 
all of the animals developing asymptomatic 
reinfection developed an apparent serologic 
relapse. This finding has been partially 
confirmed by Magnuson.?”? Animals de- 
veloping asymptomatic reinfection after a 
short primary immunizing infection have 
developed an apparent serologic relapse, 
but asymptomatic reinfection developing 
in animals with a twelve- or twenty-four- 
week immunizing infection have not been 
accompanied by such relapse. 

The degree to which such quantitative 
findings may be applied to infection with 
heterologous strains of T. pallidum is as yet 
unknown. All of the older experimental 
work (cf. Worms*) would indicate that a 
partial immunity develops to heterologous 
strains but that it is of much smaller degree 
than that developed against the homolo- 
gous strain. Worms® attempted demonstra- 
tion of a pan-immunity by producing the 
immunizing infection with a mixture of 
three old strains of T. pallidum. Subse- 
quent challenge with a fourth strain did 
not result in infection indicating that in 
this instance the immunity was not strain 
specific. 

Variation in the site and manner of the 
first and second inoculations may alter the 


apparent degree of immunity, which sug- 
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gests the presence of local factors increasing 
resistance.’ It is possible that preceding 
lesions may have occluded lymphatic chan- 
nels preventing systemic spread of the 
organisms.** Chesney, Woods and Camp- 
bell*® showed that animals with a systemic 
immunity demonstrable by usual inocula- 
tion technics could often be successfully 
reinoculated by injecting the challenging 
organisms either into the cornea or the 
anterior chamber. The suggested explana- 
tion is that the poor blood supply of the 
cornea either does not provide the corneal 
cells adequate antigenic stimulus at the 
time of the original infection, or that the 
same circulatory inadequacy may prevent 
penetration of some systemic antibody 
which would prevent infection. 

Chesney and Woods*® later reported 
on the development of immunity following 
original intracorneal inoculation. Such in- 
oculation was followed by systemic spread 
of the disease and the development of a 
systemic immunity more marked on intra- 
cutaneous challenge than on intracorneal 
challenge. 


CROSS IMMUNITY 


There is some clinical evidence that in- 
fection with either yaws or syphilis may 
protect against the other of the two diseases. 
While a few human inoculation experi- 
ments have indicatéd that yaws may not 
confer an appreciable degree of immunity 
against syphilis, Turner‘! suggested that 
these apparent failures might be due to the 
fact that the reinoculations were performed 
too early in the course of the yaws infection. 
A careful clinical study showed that re- 
sistance to superinfection developed slowly 
in clinical yaws. Resistance to autogenous 
inoculation occurred early in the disease 
developing during the period of active 
lesions. Resistance to inoculation with 
heterologous strains of yaws spirochetes 
evolved much more slowly. During the first 
three years of the infection reinoculation 
with a heterologous strain was followed by 
a modified or abortive type of yaws. After a 
period of ten years the majority of yaws 
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patients were refractory to such reinocula- 
tion. Thus attempts to measure the im- 
munity of yaws patients to syphilis during 
the course of the active yaws lesions are 
doomed to failure. Such attempts at cross 
inoculation should be performed after the 
patient had had his yaws for some years. 

Cross inoculation experiments between 
yaws and syphilis in experimental animals 
have been studied by a number of authors. 
The results are not in entire agreement. 
Kato*? inoculated rabbits either subscrotally 
or intratesticularly with frambesia. The 
rabbits were then superinfected three times 
in succession, the first and second times into 
the skin of the back and the third time into 
the scrotum. Thirty-one days after the 
fourth infection or the third superinfection 
T. pallidum were inoculated into the back 
at eight spots in different quantities. The 
emulsion was serially diluted 1, 20, 30, 90, 
180, 360, 720 and 1,440 times. These in- 
oculations all became positive and did not 
differ greatly from those produced in nor- 
mal controls although the incubation period 
was somewhat prolonged. Kato believed that 
no cross immunity had been demonstrated. 

Maisaizu** inoculated rabbits intracu- 
taneously with yaws and treated with 
salvarsan at periods varying from twenty 
to seventy days after inoculation. The im- 
munity was challenged by the subsequent 
intravenous inoculatioh of T. pallidum. 
The only difference noted in the course of 
the yaws animals and the control animals 
was that the incubation period was a little 
longer in the former group. 

Turner, McLeod and Updyke,** using 
the delay in incubation period as a measure 
of resistance, were able to demonstrate that 
within six months after intratesticular inocu- 
lation of T. pallidum or T. pertenue or T. 
cuniculi an appreciable degree of immunity 
developed which was effective in protecting 
the animals against intracutaneous chal- 
lenge with the heterologous spirochete. 
They also noted that the immunity pro- 
duced by infection with T. cuniculi seemed 
to be somewhat lower in degree than the 
resistance produced by T. pallidum against 
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T. cuniculi. While the technic employed 
by Turner and his co-workers suggests some 
protection against heterologous organisms, 
it is difficult to determine the degree of such 
resistance. 


MECHANISM OF IMMUNITY 


The mechanism of acquired immunity 
in experimental syphilis is not clearly under- 
stood. In most instances search for the usual 
type of circulating antibodies has proved 
unsuccessful. It is true that reagin, the sub- 
stance giving rise to positive complement 
fixation and flocculation tests for syphilis, 
is a circulating antibody but, as will be 
discussed below, its relation to the immune 
process is most uncertain. Tani** reported 
that agglutins for spirochetes could be 
demonstrated by the use of antigen from 
testicular emulsions to which had been 
added 0.5 to 0.7 per cent formaldehyde. 
These formaldehyde-treated emulsions of 
spirochetes presumably gave no spontane- 
ous agglutination, showed no agglutination 
with normal rabbit serum nor with serum 
from animals infected with trypanosomiasis 
or relapsing fever. With syphilitic rabbit 
sera, however, definite agglutination oc- 
curred. In the experimental animal the 
titers of both the Wassermann reaction 
and the pallida agglutination reached their 
maxima four wecks after infection. In Was- 
sermann positive human serums the ag- 
glutination tests were positive without 
exception whereas in Wassermann negative 
agglutination tests were usually showed 
negative. It is not now possible to assess the 
significance of these agglutinins in relation 
to the immune process. Confirmation and 
elaboration of Tani’s work is indicated. 

Eberson,** Tani and his co-workers*’ * 
and Turner‘? demonstrated the presence 
of protective antibodies in the sera of 
immune animals and persons with late 
syphilis. Of the three, Turner’s technic 
seems to be the most sensitive for demon- 
strating the presence of this protective 
substance. Nine parts of whole serum were 
combined with one part of spirochete 
emulsion, the mixture incubated at 37°c. 
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for six hours, and then inoculated intra- 
cutaneously on the backs of normal rabbits. 
The inoculated sites were examined daily 
for approximately forty days and differ- 
ences in the size of the lesions noted. With 
emulsions exposed to immune serum, the 
incubation period of the lesions was pro- 
longed resulting in no lesions or smaller 
lesions during the observation period. 
There seems to be little doubt as to the 
sensitivity of this technic in demonstrating 
differences between normal and immune 
sera, but it is difficult to determine what 
this test means in the way of absolute 
protection. 

A most interesting demonstration of 
circulating antibodies was the parabiosis 
experiment of Tani and Aikawa.®® The 
authors parabiosed ninety-one pairs of 
adult male rabbits, the duration of the 
parabiosis being from one to thirty-four 
days, averaging 12.8 days. Passive trans- 
mission to the partner of trypan blue, 
neoarsphenamine, Wassermann reagins, ty- 
phoid agglutinins and iodine were shown. 
In successful cases these were transferred 
to some extent at one to two days, in large 
amounts from four to five days and in the 
greatest amount in ten days. When the 
pairs made of one animal with late syphilis 
and one with fresh chancre lived more than 
ten days, a considerable degree of healing 
of the chancre was observed. The authors 
reported that the amount and strength of 
the spirocheticidal substance passively trans- 
ferred were so great that large chancres were 
healed within a short time. 

Passive transfer of immune antibodies 
from mother to fetus has not been demon- 
strated. Kemp and Fitzgerald®' inocculated 
thirty-one young rabbits born of syphilitic 
females. Twenty-four of thirty (83 per cent) 
developed primary lesions, seven had an 
asymptomatic infection and five were not 
infected. Presumably the inoculums used 
were relatively large, perhaps masking some 
passage of protective antibodies that might 
be demonstrated by a more sensitive 
technic. 

The pathogenesis of the syphilitic infec- 
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tion has suggested that cellular factors 
might play a more important réle in this 
immunity than humoral factors. Whether 
phagocytic mechanisms are involved is 
unknown. As reviewed by Chesney,’ Leva- 
diti®? and others believed that phagocytosis 
might play an important réle in the immune 
process but this view has been opposed by 
Strempel* and others. Part of the difficulty 
may be technical since the staining methods 
currently available for demonstrating T. 
pallida may be inadequate to demonstrate 
phagocytized organisms. 

An approach to the problems of a possi- 
ble cellular immunity is found in the studies 
of Strempel and Armuzzi,** Tani and 
Aikawa®*> and Reynolds.** Strempel and 
Armuzzi** made subscrotal implants of 
testicular tissue, rich in virulent spirochetes, 
into previously infected untreated rabbits. 
Silver stains demonstrated that in the 
immune animals treponemes remained fixed 
at the site of inoculation, gradually disap- 
pearing, at first from the periphery of the 
implant and later from the centers as 
though by lysis. Within twenty-seven days 
after inoculation the sites of inoculation 
were spirochete free. In the normal control 
animals the spirochetes spread rapidly 
from the site of inoculation to the surround- 
ing tissues. The experiments of Tani and 
Aikawa® differed in that they employed 
rabbits previously treated with neoarsphe- 
namine late in the course of the immunizing 
infection. Their histologic findings were the 
same as those reported by Strempel and 


_Armuzzi.** Both of these studies were 


based upon histologic examinations which 
depended upon silver stains for the demon- 
stration of the spirochete. As Reynolds” 
points out, such studies were open to the 
objections that the staining methods were 
capricious and that occlusion of lymphatic 
channels from the preceding orchitis could 
not be dismissed as a possible factor in pre- 
venting the spread of the organism. 
Reynolds** implanted testicular tissue 
infected with homologous strains of T. . 
pallida into subcutaneous tissue of the 
thigh of immune and normal rabbits. At 
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intervals thereafter the implant was ex- 
amined by darkfield and by transfer to 
normal animals. The inguinal lymph node 
was similarly transferred to fresh animals. 
In normal rabbits the spirochetes rapidly 
reached the regional lymphatics and re- 
mained motile in the implant for at least 
fourteen days. In the immune animals, 
however, the spirochetes could never be 
demonstrated in the regional nodes by node 
transfer and the organisms could be demon- 
strated in the implant by darkfield exami- 
nation up to four days after implantation. 
The tissue implants remained infectious 
for only two days as determined by transfer 
to fresh animals. Reynolds concluded that 
in the immune rabbit the subcutaneously 
inoculated T. pallidum organisms of the 
homologous strain did not penetrate the 
lymphatics and were localized at the site 
of inoculation where they were subse- 
quently destroyed by the immune me- 
chanisms of the host. He further suggested 
that the actual immobilization and destruc- 
tion of spirochetes was probably accom- 
plished by local antigen antibody reaction 
as the immune antibodies were gradually 
in contact with the invading organisms. 

Reference has been made to the relation- 
ship of reagin to the immune process. 
There is a growing body of evidence that 
reagin bears little if any relationship to 
immunity. Unquestionably, patients may 
be reinfected while their serologic tests 
for syphilis are still positive.*’ Large amounts 
of reagin may be formed in experimental 
animals without protecting the animals 
against syphilitic infection.** In the quanti- 
tative immunity experiments of Magnuson*® 
the outcome of reinoculation bore no rela- 
tion to the serologic titer of the immune 
animals. 

Differences as to the relationship of 
allergy to immunity in syphilis are chiefly 
concerned with definitions of “allergy.” 
As Rich, Chesney and Turner®’ have shown, 
allergy in the sense of hyperreactivity to the 
organism is not an essential part of the 
immune process in syphilis. Indeed, animals 
that are immune to a second inoculation 
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are extraordinarily passive to the presence 
of the organisms. Urbach and Beerman® 
believe that immunity and allergy are both 
part of the same process. Since these authors 
include as allergy any altered reactivity on 
the part of the host, by their definition 
allergy does exist in these immune animals. 


ARTIFICIAL IMMUNIZATION 


Attempts to produce active immunity by 
artificial means have been uniformly un- 
successful. Suspensions of pathogenic T. 
pallidum have been killed by heat, by 
formalin and by lyophilization. They have 
been given in a single or multiple injections, 
over long and short time periods, with or 
without adjuvants and by many routes. 
Many of these technics have resulted in the 
development of positive serologic tests for 
syphilis in the serum of experimental 
animals but there has been no evidence of 
acquired immunity. 

In a recent study Magnuson, Halbert 
and Rosenau® attempted to adapt Freund’s 
adjuvant technic to the production of 
immunity against syphilis. Freund and his 
co-workers®'*? had employed the method 
to produce active immunity against malaria. 
Magnuson and his co-workers killed the 
Nichols strain of T. pallidum by lyophiliza- 
tion and incorporated the lyophilized 
spirochetes in a mineral oil emulsion with 
Mycobacterium phlei. Animals treated 
with this adjuvant technic developed positive 
serologic tests for syphilis but none became 
immune to even minimal infectious inoc- 
ulums of the pathogenic spirochetes. 

Similar results have been reported by 
Eagle® in which attempts were made to 
immunize rabbits by a wide variety of 
experimental technics. Again, many of 
these technics resulted in positive serologic 
tests for syphilis in experimental animals, 
yet challenging inoculation with minimal 
infectious inoculums showed no immunity. 

DeLuca®™ treated twenty rabbits with 
heat inactivated Truffi strain of T. pallidum. 


Repeated injections of this vaccine had no 


effect upon the subsequent inoculation of 
virulent virus. Wakerlin® believed that 
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perhaps the failure successfully to im- 
munize rabbits artificially might be due to 
the short treatment period over which such 
injections had been given. Accordingly, he 
attempted immunization of fourteen male 
rabbits by a total of sixty-five injections of 
1 cc. each of organic luetin at four-day 
intervals. The total period of attempted 
immunization was 260 days. The organic 
luetin was essentially a phenolized (0.5 per 
cent) suspension of testicular tissue con- 
taining dead spirochetes in a _ physiologic 
solution of sodium chloride. It was heated 
at 60 degrees for one hour, incubated at 
37 degrees for twenty-four hours, cultured 
to rule out contaminating organisms and 
subsequently kept at icebox temperature. 
This material contained from five to six 
dead T. pallidum per darkfield. None of 
the rabbits developed positive serologic 
tests for syphilis and none of the animals 
showed any immunity on subsequent in- 
oculation of virulent organisms. 

Levaditi and Lipin® prepared an emul- 
sion of spirochetes by inactivating at a 
temperature of 55 degrees. This was then 
injected into rabbits subscrotally and 
intratesticularly. Neither immunity nor a 
positive serologic test for syphilis were pro- 
duced. The same antigen was then given 
intravenously three or four times during a 
period of two to three months. In these 
animals the Meinicke test became positive. 
The subsequent challenge with virulent T. 
pallidum gave uniform infection. 

Kolmer and Rule® reported similar un- 
successful attempts to immunize rabbits 
using heat killed formalized suspensions of 
testicular syphiloma. 


IMMUNITY IN HUMANS 


The extent to which findings in experi- 
mental animals can be applied directly to 
humans is unknown. As Chesney' indi- 
cated, much of our accumulated clinical 
experimental data antedates the identifica- 
tion of T. pallidum and modern technics 
for the laboratory diagnosis of syphilis. 
The early clinical experiments must be in- 
terpreted with some caution since the 
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diagnoses were not established on irre- 
futable grounds. Nevertheless, certain facts 
seem well established. Shortly after the 
onset of the primary lesion in humans a 
local immunity develops which prevents 
the development of a new lesion following 
reinoculation with T. pallidum. This fail- 
ure to react is the “anergy” described by 
Neisser. This chancre immunity or anergy 
is relative since reinoculation with massive 
quantities of infectious material will result 
in a lesion.*”"** The duration of this anergy 
is open to some question. Several investiga- 
tors have reported successful intracutane- 
ous inoculation of patients with general 
paresis or tabes dorsalis.**'’*7! In an inter- 
esting experiment Prigge and Rutkowski’? 
demonstrated asymptomatic superinfection 
in a patient with late syphilis. Inoculation 
of a heterologous strain of T. pallidum 
failed to give a lesion but inguinal node 
transfer (to rabbits) was negative before 
the inoculation and was positive afterward. 

Much of the current confusion in differ- 
entiating relapse from reinfection centers 
around concepts of immunity. With the 
introduction of any new form of syphilo- 
therapy, enthusiasts are prone to call each 
recurrence a reinfection, thus supporting 
the adequacy of the particular type of treat- 
ment. The introduction of various rapid 
treatment methods for early syphilis has 
introduced new variables in the considera- 
tion of relapse versus reinfection. With 
present rapid technics the patient is given 
curative treatment early in the infection 
before an appreciable degree of immunity 
has developed. With the older treatment 
methods in which therapy was spread over 
a period of months or years; it was the- 
oretically possible for the patient to develop 
some immunity during the course of treat- 
ment. The degree to which the smoldering 
infections resulting from subcurative doses 
contributed to the immune process is 
unknown although the work of Scham- 
berg’* would indicate that such subcurative 
therapy permitted immunity to develop. 
Schamberg’s experiments were limited to 
rabbits given subcurative doses of fever or 
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neoarsphenamine in the early stages of the 
disease. Subsequent reinoculation showed 
that these animals developed the same 
degree of chancre immunity as would have 
developed had their disease gone untreated. 
This suggests that the older type of treat- 
ment permitted a considerable degree of 
development of immunity during the course 
of therapy. 

Increase in the number of reinfections 
cannot be attributed entirely to the changes 
in the immunity status. As Schoch and 
others’*** have emphasized, the use of the 
older long-term treatment kept the patient 
under effective prophylactic therapy during 
the time that he was circulating in the same 
sexual environment. The danger of reinfec- 
tion from the original source was negligible 
by the time extended treatment was com- 
pleted. With rapid treatment, not only may 
the patient be reinfected by the original 
source but the infection may be handed 
back and forth between partners as one 
and then the other is repeatedly treated, a 
situation which has been aptly termed 
‘‘ping pong” syphilis.** 

One cannot now ascertain the extent to 
which either changes in immunity or in 
sexual environment may influence the 
current apparent failure or relapse rates in 
clinical syphilis. If acquired immunity in 
man develops in a progressive manner 
similar to that in the rabbit, one would 
expect that a previous infection with 
syphilis would modify a subsequent exposure 
to the disease. If the original disease is 
treated early, one would expect the majority 
of reinfections to take the form of sympto- 
matic reinfection. If reinoculation occurs 
at a later date, an increasing proportion 
would take the form of either asymptomatic 
reinfection or no infection whatsoever. 
Such asymptomatic reinfections may or may 
not be associated with apparent serologic 
relapse.*’ 

The degree to which so-called serologic 
relapses may actually be due to asympto- 
matic reinfections was first discussed by 
Chesney and Kemp.** It was their experi- 
ence that the majority of the animals de- 
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veloping asymptomatic reinfection at the 
same time had a serologic relapse. As was 
indicated above, Magnuson*’ found that 
if the immunizing infections were of longer 
duration, such asymptomatic reinfections 
occurred without change in the serologic 
titer. It is possible that a considerable pro- 
portion of the presently observed serologic 
relapses which are attributed to treatment 
failure may actually represent asympto- 
matic reinfection in humans. There are at 
the present time no clinical means of differ- 
entiating the phenomena. 

It has been commonly accepted in 
clinical literature’® that ‘“‘serologic relapse” 
followed by the development of a new 
darkfield positive lesion in a patient previ- 
ously treated is a clear cut indication of 
relapse from the original infection. Mag- 
nuson*’ has shown that in the experimental 
animal an identical sequence may be pro- 
duced by reinfection. Rabbits cured of the 
original infection may be _ reinoculated 
with virulent spirochetes; and in spite of 
the fact that the site of inoculation is ex- 
amined frequently and carefully, serologic 
titer may increase before the clinical 
lesion becomes evident. The possibility, as 
yet unproved, that this sequence may occur 
in man suggests caution in the unqualified 
acceptance of the current clinical belief. 

In the present absence of adequate 
clinical criteria to differentiate relapse from 
reinfection it would appear that an epi- 
demiologic approach would offer the most 
immediate information as to the relative 
frequency of the two phenomena. Through 
comparison of apparent cure rates in dif- 
ferent population groups known to differ 
in promiscuity, it may be possible to 
assign the differences in apparent cures to 
reinfections. Such conclusion would rest on 
the assumption that the two groups did not 
differ in the absolute “‘curability” of their 
syphilis and that acquired immunity de- 
veloped at the same rate in the two groups. 
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The Epidemiology of Syphilis’ 
With Particular Reference to Contact Investigation 


E. GURNEY CLARK, M.D. 
New York, New York 


PIDEMIOLOGY is the study of disease 
and the circumstances under which 
disease occurs, the study of multiple 

causes of and reasons for disease incidence 
and prevalence. According to Munson! 
an epidemiologist is “that creature who 
curiously combines a reasonable skepticism 
and insatiable curiosity with a passion for 
the truth, and has the ability to recognize 
the truth when it looks him in the face and, 
with all of this, has the initiative to apply 
sufficient sole leather to the job to get the 
facts.” 

Clinical medicine is concerned with 
disease as it affects the individual while 
epidemiology is concerned with disease as 
it affects aggregations of individuals. Clini- 
cal methods have their origin in the basic 
sciences and are utilized to study the changes 
in, and determine the extent of damage to 
a single unit of a population. On the other 
hand, epidemiologic methods, stemming 
from the same basic sciences, investigate 
disease causation, the frequency of occur- 
rence and modes of spread of a disease in 
the population as a whole. The first leads 
to an understanding of pathogenesis and 
ultimately to appropriate treatment of the 
individual. The second leads to an under- 
standing of the principal factors concerned 
in community disease prevention and in 
intelligently directed community control 
efforts. 

Reference to medical literature discloses 
innumerable titles of papers and books 
referring to epidemiology as applied to 
syphilis. These represent a variety of view- 
points as to what constitutes epidemiology 


in this field, such as: (1) prevalence and 
incidence studies;? (2) contact investigation 
and related case-holding;* '* (3) case-find- 
ing methods in general;'* (4) duties of 

nnel and details of the control pro- 
gram;'*'* (5) patient education;'’ (6) con- 
jugal syphilis;'* (7) studies of localized 
outbreaks;'*?° and (8) broad principles of 
the science of epidemiology as applied to 
the disease.?*~** 

The present paper examines the subject 
from this last viewpoint in order to show 
the need of careful attention to the basic 
knowledge of epidemiology in_ syphilis 
control. 

At any time the status of syphilis control 
in a community will depend entirely upon 
the ecologic relationships (brought about 
by whatever means) which exist among 
the causative agent, the human host and 
environment.*"*> An appreciation of the 
relationships of these three factors is essen- 
tial for an understanding of incidence and 
prevalence, for effective contact tracing 
(so-called ‘‘applied’”’ or “‘practical’’ epi- 
demiology) and other case-finding measures 
and for intelligently directed control efforts. 
These factors are so closely related that 
changes in one directly influence some phase 
of both of the others. The organism itself 
may change as a result of its relationship to 
the host or to the environment (mutations, 
variations, adaptations). The host may vary 
in the degree and type of reaction to the 
organism as a result of intercurrent infection 
or disease or of food deficiencies. The rela- 
tionship of one host to another may depend 
upon the extent of crowding, the stresses 
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of life, certain habits and customs of the 
people. Changes in the environment may 
result from man’s purposeful regulation of 
his own surroundings. Certain important 
features of our present knowledge of organ- 
ism, host and environment as they relate 
to syphilis will be reviewed briefly and 
considered in the light of practical applica- 
tion to syphilis control. 


NATURE AND CHARACTERISTICS OF THE 
SPECIFIC MICRO-ORGANISM 


There is little doubt that the Treponema 
pallidum is the cause of syphilis. Its in- 
fectivity and pathogenicity for man and 
certain laboratory animals have been proven 
conclusively. Yet considerable uncertainty 
concerning the authenticity of the cultiva- 
tion of the organism on artificial media in 
a form virulent for animals has left Koch’s 
postulates unfulfilled. 

Its characteristic morphology and mo- 
tility*® are well known, yet its relationship 
to the organisms of yaws, bejel and pinta 
has not yet been clarified. No student of the 
disease should fail to read the discussion 
of these relationships in the review by 
Hudson.*’* The biology of this organism 
and the evidence relating to its possible life 
cycle and virulent granular form have been 
reviewed by Ingraham.** The biologic re- 
quirements of the T. pallidum explain why 
syphilis is a disease of intimate contact. 
This organism is a very fragile one, unable 
to resist drying, unfavorably affected by 
many common agents, and is said to be 
killed by the weakest antiseptics and to be 
killed more quickly by soap solution than 
by many strong disinfectants.?? It dies under 
blood bank conditions in seventy-two hours*® 
but will survive rapid freezing to —76°c. 
for a year.*' It has been found infective for 
twenty-six hours in syphilitic autopsy ma- 
terial.*? It is immobilized at 41°c. (105.6°F.) 
in two hours. These facts have a direct 
bearing upon the behavior of the organism 
in nature. Only on the mucous membranes 
about the genitalia and in the mouth are 
conditions consistently found in man which 
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permit its survival for periods long enough 
for invasion. In the rabbit it has been shown 
that the spirochete can penetrate intact 
mucous membrane and produce infection. ** 
Infection by penetration of intact human 
skin or mucous membrane has never been 
demonstrated. The infectivity of the organ- 
ism is demonstrated by its ready adapta- 
bility to human and certain laboratory 
animal tissues. A single organism may 
produce the disease in animals.** It may be 
produced experimentally into a number 
of animals but there are no known vectors 
in nature and no reservoir hosts other than 
man. It is an outstanding example of para- 
site adaptation. Its pathogenicity is shown 
by the fact that it provokes tissue reactions 
in man, rabbits, monkeys and other ani- 
mals. In the rabbit, and perhaps in man, 
the presence or absence of early lesions 
depends upon the number of organisms 
inoculated.** In mice the infection is usually 
entirely symptomless and the organism is 
recovered only by tissue transfer to rabbits. 
Its virulence is established by the fact that 
it is capable of producing severe clinical 
reactions in the skin, bones, heart, blood 
vessels and in the nervous system. Evidence 
of its antigenic power is its capability of pro- 
ducing immunity® and the fact that it calls 
forth the production of an antibody-like 
substance (reagin) which is essential for 
serologic diagnosis. 

Thus, we have a virulent, fragile, charac- 
teristically motile organism as yet not 
cultivated on artificial media, indistinguish- 
able morphologically from the organisms 
of three related diseases, unproven as to 
life cycle, of considerable infectivity, patho- 
genicity and antigenic power. A knowledge 
of the biologic characteristics of this organ- 
ism is essential to an understanding of its 
mode of spread and of its control in an 
individual or in a community. As stated by 
Stokes,?? “‘It is not a divine moral purpose, 
or a satanic punitive ingenuity that con- 
nects syphilis with genital activities, but a 
mere biological accident no more signifi- 
cant in the last analysis than the fact that 
potatoes grow in sandy loam.” These 
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biologic requirements are the characteris- 
tics which: (1) determine the reservoir of 
infection; (2) dictate the means of trans- 
mission; and (3) contribute to the host- 
parasite interaction. 


HABITS AND CHARACTERISTICS OF THE HOST 


The human host is the sole reservoir of 
syphilis infection. In nature syphilis has 
been found only in the human species. The 
infection can be transmitted artificially to 
certain animals but it dies out spontane- 
ously without propagation to others of the 
same species. Whether or not man, as the 
reservoir of the disease, transmits it to 
others depends upon: (1) the outcome of 
the complicated host-agent  interreaction 
and (2) the habits and customs of the 
population. 

Reaction between the Human Host and the 
Treponema Pallidum. This interaction de- 
termines the clinical stages of syphilis in- 
fection and is best described in terms of the 
biologic course of untreated syphilis.** From 
the epidemiologic point of view the most 
important phases of this biologic course are 
those clinical stages during which it is 
possible for one case to give rise to another. 
In acquired syphilis this infectious period is 
limited to early acute. stages of syphilitic 
infection and is terminated by treatment 
or by the spontaneous development of re- 
sistance on the part of the host. When 
lesions begin to heal, infectiousness dimin- 
ishes. Eventually the organism is limited to a 
few isolated foci not located on body sur- 
faces. Nevertheless, during the first few years 
of the disease, this “immunity” may break 
down with the result that infectious lesions 
recur. Under such circumstances the patient 
is capable of transmitting the disease to 
others. 

Under certain conditions the syphilitic 
pregnant woman can transmit syphilis to 
the fetus in utero after, but not before, the 
fourth month of pregnancy.*’ Cellular as 
well as humoral factors within the host are 
thought to be responsible for this fact. 
Transmission to the fetus depends upon 
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the duration of infection in the mother, the 
number of previous pregnancies and the 
amount and type of treatment given. A 
child of a treated or untreated syphilitic 
mother may be born: (1) non-syphilitic 
with a negative serologic test or a positive 
one which becomes negative in a short 
time; (2) syphilitic with a negative or posi- 
tive serologic test and no signs of the disease 
until several weeks after birth; (3) syphilitic 
with a positive test and with signs of the 
disease at the time of delivery; or (4) dead 
as a result of syphilis infection. 

In acquired syphilis when the T. pallidum 
comes into relationship with a new host: 
(1) the organisms may fail to gain access 
and lodgment; (2) they may gain access, 
lodge, multiply and produce infection, 
without early discernible tissue reaction 
(symptomless infection); or (3) they may 
gain access, lodge, multiply and produce 
the characteristic discernible reactions of 
early syphilis. This early tissue reaction 
(primary and secondary syphilis), when it 
occurs, is usually mild, superficial, non- 
destructive and heals spontaneously in days 
or weeks without scarring. An indetermin- 
able period of clinical latency (weeks to 
years) follows without outward signs of 
infection during which the infected indi- 
vidual is recognized as syphilitic only by 
means of positive blood serologic tests. 
This period may be interrupted during the 
first few years by recurrences of infectious 
lesions representing renewed spirochetal ag- 
gressiveness—secondary relapse or recur- 
rences in skin, mucous membranes, eyes or 
central nervous system. After an unpre- 
dictable number of years late non-infectious 
tissue reactions may occur in skin, mucous 
membranes, cardiovascular, nervous and 
other systems. 

The host reacts to the presence of the 
organism by developing a state of immunity 
or resistance which influences the spon- 
taneous healing of early lesions, protects 
against new organisms introduced from 
without,** withstands to a variable degree 
the aggressiveness of the organisms present 
in the tissues and in most instances main- 
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tains clinical latency throughout life.*®*° 
There is some evidence that such host 
factors as sex,‘' pregnancy,*”** race*4 
and constitution*® affect this host-organism 
relationship. 

Thus, transmission of syphilis depends 
not only upon satisfying the biologic re- 
quirements of the organism and the habits 
and customs of the population but also upon 
certain conditions of the host-parasite re- 
lationship. This relationship must be such 
that: (1) it is possible for the organism to 
escape from the infected host in sufficient 
numbers; (2) the organism must be appro- 
priately transmitted under conditions which 
satisfy its biologic requirements; and (3) it 
must gain access by finding appropriate 
portals of entry in the new host. Moist 
surfaces provide the avenues by which the 
organisms escape from their reservoir, and 
intimate contact by sexual intercourse or 
kissing furnishes the conditions necessary 
for conveyance to a corresponding portal 
of entry in a new host. The newly implanted 
micro-organism becomes established under 
conditions of moisture, warmth and low 
oxygen tension and may penetrate intact 
mucous membrane. ** 

Moist infectious lesions are present only 
during primary, secondary and recurrent 
secondary syphilis. Body fluids and secre- 
tions (saliva,*® usual common 
vaginal discharges*®) from syphilitics in 
various stages of the disease have been 
studied experimentally and frequently have 
been shown to contain the organisms during 
the early stages of syphilis when lesions are 
present, but only rarely, if ever, during the 
later stages when there are no obvious 
lesions. Blood is a passive carrier of the 
organisms*’ and has been shown to be in- 
fective chiefly during the incubation period®! 
and while primary and secondary lesions 
are present. Transfusion syphilis®*? has 
resulted when the donor had early lesions 
or in the period before their occurrence or 
immediately after their disappearance. The 
usual explanation of in utero infection at the 
present time is that occasional spirochetemia 
occurs and results in the circulatory transfer 
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of organisms to the fetus. This has not been 
proven experimentally. 

Intimate contact with primary and sec- 
ondary lesions provides the most favorable 
conditions necessary for transmission. How- 
ever, despite the presence of infectious 
lesions transmission following unprotected 
sexual exposure does not invariably take 
place. 

Klingbeil and Clark'* found that eighteen 
of ninety-seven marital partners (18.6 per 
cent) escaped infection although they were 
exposed sexually to early infectious lesions. 
Other studies of conjugal syphilis have con- 
tributed to the knowledge of transmissi- 
bility. O’Leary and Williams** found that 
very few marital partners had become in- 
fected when the interval between infection 
and marriage was more than five years. 
Klingbeil and Clark found no instance of 
conjugal infection among spouses of twenty- 
five patients (thirteen untreated) who had 
acquired syphilis four or more years before 
marriage. 

Transmissibility, therefore, depends up- 
on: (1) the duration of infection; (2) the 
presence of moist lesions; (3) the infectious- 
ness of secretions; (4) tissue reservoirs of 
organisms; (5) intimate contact with the 
organism in sufficient numbers; and (6) 
accessible portals of entry in the susceptible 
individual which satisfy the biologic re- 
quirements of the organism. 

Habits and Customs of the Population. The 
chance of exposure to any parasitic organ- 
ism is dependent upon habits and customs 
of the people and upon their social and 
economic environment. The type of epi- 
demiologic attack to be employed depends 
upon the nature of the total community 
syphilis problem. This is influenced by the 
sexual behavior and promiscuity of the 
population. High prevalence and high inci- 
dence rates usually are a reflection of high 
promiscuity rates since the frequency of 
infection varies directly with the frequency 
of exposure to the T. pallidum. 

Measurement of the Reservoir. ‘The number 
of persons comprising the syphilis reservoir 
varies from time to time, depending upon 
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the balance between increments of new 
infection and decrements by cure or death. 
Two fundamental statistical concepts must 
be differentiated in measuring this bal- 
ance. The first of these concerns the number 
of new infections occurring during a given 
period of time, which when related to the 
number exposed to risk of infection is ex- 
pressed as the incidence or attack rate (e.g., 
the statement 1.4 per 1,000 per year is one 
of incidence). The other concept repre- 
sents a static rather than a dynamic phase. 
It concerns the number of infections that 
exist at any one time, and when related to 
the number of persons exposed to risk of 
infection is expressed as the prevalence rate 
(e.g., the statement 1.4 cases per 1,000 
population is one of prevalence). Despite 
their differences these two concepts, inci- 
dence and prevalence, are not independent 
of each other. Prevalence at any time is the 
result of a previously operating incidence 
or attack rate. 

Since crude rates vary according to race, 
sex, age, social and economic status of the 
population, specific rather than crude rates 
should be computed for valid comparison. 
Rates for negroes are higher than those for 
whites; for example, among men of draft 
age*®* the total syphilis prevalence rate of 
47 per 1,000 completely concealed the 
fact that the rate for negroes was 272 per 
1,000 and that for whites 23.5 per 1,000. 
Among negroes the total rates for men and 
women are approximately the same; but 
there is considerable variation according to 
age, the rates for women being higher than 
those for men before the age of twenty-five, 


and those for men higher than those for — 


women after the age of thirty. Among whites 
men have a higher total rate than women 
while women have a higher rate than men 
before the age of twenty-five. Incidence is 
higher in young persons than in old, while 
prevalence, representing an accumulation, 
is higher in older persons. 

Adherence to these underlying principles 
of measurement constitutes a fundamental 
part of the epidemiologic description of 
syphilis. 
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ENVIRONMENTAL CONDITIONS 


The influence of any one of a group of 
environmental factors cannot be measured 
with precision, but specialized studies have 
been made from time to time on one or 
another aspect of environment as it relates 
to syphilis; for example, geography and 
climate and syphilis,*?"*> occupation and 
syphilis,°**’ wages and syphilis,®**°*® ma- 
terial standards of living and syphilis,®' 
education and syphilis,*' syphilis and the 
law®?® and syphilis and war.™ It is gen- 
erally understood that environment is not 
merely physical surroundings—topography, 
climate, soil; water, plants, housing, etc.— 
but that the population (society) itself is 
part of the total environment. This is the 
social environment anc from it forces arise 
which may influence the occurrence of 
syphilis to an even greater degree than do 
those from physical surroundings. 


APPLICATION OF EPIDEMIOLOGIC 
PRINCIPLES 


The object of epidemiology is to deter- 
mine the details of relationships that exist 
among the various causes of disease so that 
means may be developed to alter this rela- 
tionship in a direction that will be favor- 
able to the human host. This objective in 
syphilis can be attained only by a reduction 
in the number of effective exposures to the 
T. pallidum since it is not possible to 
eliminate intimate contact, to immunize 
nor to practice mass quarantine. At least 
four methods of reducing effective exposure 
are available: (1) reduction in the total 
number of exposures by decreasing pro- 
miscuity; (2) prophylaxis; (3) maintenance 
of adequate treatment and post-treatment 
examination requirements among discov- 
ered or known infections; and (4) reduction 
of periods of infectiousness by earlier recog- 
nition of undiscovered infections. The first 
method includes the suppression of prosti- 
tution which is a function of law enforce- 
ment and the reduction of promiscuity by 
sex education. The second method is a 
medical function and the third and fourth 
are epidemiologic responsibilities. 
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The reservoir of syphilis infection com- 
prises two groups: discovered infections and 
undiscovered infections. 

Discovered Infections. In any schedule of 
treatment requiring more than one visit 
for treatment or post-treatment examina- 
tion, case-holding is of paramount impor- 
tance.®*:® Case-holding begins with the 
patient’s first medical contact. The in- 
formed patient cooperates; the confused 
or perplexed patient fails to carry out treat- 
ment and post-treatment examination sched- 
ules. On the other hand, the most completely 
informed patient may be expected to neglect 
treatment and post-treatment examination 
in the face of rough or discourteous han- 
dling, lack of privacy or poor technics which 
cause pain. Both the control of the dis- 
covered case and the discovery of related 
new cases depend upon the patient’s under- 
standing of the illness and its implications 
since it is the patient who will lead to many 
of these undiscovered cases. It is upon the 
patient that we depend for the name and 
location of his contacts. It is the physician’s 
responsibility to explain the disease to each 
patient in understandable terms: the reason 
for taking treatment and for post-treatment 
examination; his outlook with and without 
treatment; his potentialities for cure, etc. 
According to Ingraham,® initial 
interview with the discovered case is the 
foundation of all of our hopes for success 
with the individual who has syphilis. It 
involves an interpretation to the patient 
which will enable him to accept syphilis as 
his present illness. It is the basis for his 
observance of infectious precaution. It is an 
attempt to forestall his lapse from treat- 
ment (or follow-up).* It may uncover 
personal problems that limit his ability to 
undertake the treatment (or follow-up).* 
It prepares and often completes the neces- 
sary arrangement for the examination of 
contacts. In fact, I suggest that the intelli- 
gent interpretation of syphilis may even 
mean the beginning of effective person-to- 
person propaganda for the control of this 
disease.”” This is the physician’s responsi- 

* Parenthetical expression is the present author’s. 
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bility. In discussing these problems with 
the syphilis patient it must be remembered 
that before he was a patient he was the 
public; even before that he was an ordinary 
individual who was susceptible to all the 
cares, worries and conflicts of any other 
individual in the population and now has 
an additional burden which needs explana- 
tion and care. 

Undiscovered Infections. The great volume 
of undiscovered infections is largely re- 
sponsible for perpetuation of the disease. 
Case-finding procedures planned with in- 
telligent case-holding objectives in view are 
the basic fundamentals of syphilis control. 
Case-finding, although it is one of the 
fundamentals of the program, is not an 
objective in itself. To be of benefit to the 
community, it must lead to: (1) better 
understanding of the prevalence and inci- 
dence of the disease; (2) protection of 
public health or promotion of public safety; 
and (3) the treatment of the infected.® 

In general, thorough case-finding is the 
result of: (1) a high index of suspicion and 
judicious use of all diagnostic measures; 
(2) proper application of so-called mass 
blood testing procedures (screen examina- 
tions or screen testing) ; (3) carefully planned 
and executed public information programs; 
and (4) contact investigation. 

The choice of a case-finding method will 
depend upon prevailing infection rates in 
the community and available facilities.’°"' 
Contact investigation is the most direct 
epidemiologic approach and offers the best 
opportunity for discovering early infectious 
cases.’? | 

Contact Investigation. Contact investiga- 
tion starts with the infected patient and 
proceeds cautiously into the home or the 
community where that person may have 
acquired the disease and where he might 
have transmitted the disease to others. It 
seeks to discover infection among all of his 
intimate contacts as early as possible and 
to discover infection previously overlooked 
or dismissed as trivial. The ultimate value 
of contact investigation is in direct propor- 
tion to the length of time by which the 
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infectious period is shortened in those con- 
tacts who have syphilis. Thus, accomplish- 
ment is not measured by the number of 
contacts examined and treated but by the 
degree of success in materially shortening 
the contacts’ period of infectiousness. As 
pointed out by Ingrahan,,? if further trans- 
mission of the disease is to be prevented, 
the patient must be treated early, he must 
have some idea as to the whereabouts of his 
sexual intimates, he must be willing to 
divulge this information, the alleged con- 
tacts must be identified and located, they 
must be persuaded to submit to medical 
examination and, if infected, they must 
submit to treatment and further query. 

In spite of these multiple barriers to 
successful contact investigation, case-finding 
by this method should be simple since 
investigation is limited to a relatively few 
persons with whom the patient has been 
in intimate contact. Patients are willing, 
under proper circumstances, to divulge in- 
formation concerning these intimate con- 
tacts, and the contacts in turn are willing 
to submit to medical examination if they 
are approached in a suitable manner. A 
patient can be expected to withhold in- 
formation about his intimate contacts be- 
cause he may be ignorant of the potentiali- 
ties of the disease. The physician, on the 
other hand, is fully aware of these potenti- 
alities and it is his obligation to inform the 
patient of the dangers of the disease to him- 
self and to his contacts. Failure to partici- 
pate in this manner in contact investigation 
is failure to assume a medical responsibility. 
The average physician is understandably 
more concerned with the confidential re- 
lationship which should exist between 
patient and doctor than with the effect of 
the disease problem in the community. He 
finds it hard to accept measures which 
might shake the patient’s trust in him; 
however, it has been shown that successful 
participation of the private physician in 
this phase ofsyphiliscontrol is practicable.”* 

Numerous reports of methods and results 
of contact investigation have come from 
private and public clinics throughout the 
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country and from both federally and locally 
operated Rapid Treatment Centers. That 
such an approach in case-finding is practical 
and productive has been proven conclusively 
and repeatedly in the periodic Statistical 
Letters and Epidemiologic Reports of the 
United States.Public Health Service and in 
papers by Brumfield and Smith,’* Cassel- 
man and Cadwallader,’® Clark,*® Clark and 
Sargent,’? Dyar and Guthrie,’* Dyar and 
Goodwin,’® Easley, Parkhurst and Swank,*° 
L. Ingraham,* N. R. Ingraham, Jr.,° 
Nelson,’* Rosenthal and Weinstein,® Smith. 
and Brumfield,*‘ Smith and Sheppe,* 
Turner, Gelperin and Enright,** Webster 
and Shelley,? Weinstein®™ and many others. 
Until recently no uniformly applicable 
index of appraisal of the résults of various 
methods has been available. One index, 
first suggested by Turner, Gelperin and 
Enright,** was expressed in terms of the 
number of new infectious cases found per 
one hundred original patients with primary 
and secondary syphilis. No weight is given 
to the time element in this index. Recently, 
Iskrant and Kahn* defined the following ap- 
propriate indices of accomplishment which 
have been given considerable trial on a 
national scale: the contact, epidemiologic, 
brought-to-treatment and _lesion-to-lesion 
indices. The last index qualitatively evalu- 
ates extent of community exposure since 
it is related to contacts with lesions. It indi- 
cates that the period of community exposure 
was interrupted Ly treatment of contacts 
during actual infectiousness. Early inter- 
ruption of infectiousness is not reflected in 
this index as it is now used. * 

Iskrant and Rion*® analyzed accomplish- 
ment in contact investigation as reported 
by health agencies in twenty areas during 
the period, July to December, 1946, utiliz- 
ing these indices. In these areas the range 
in contact index was from .87 to 3.31 contacts 
named per original patient; the epidem- 

* Dividing the “‘lesion-to-lesion” index by the average 
number of days that infectious lesions were present in 
the contacts before examination would take the time 
factor into consideration—the earlier the examinations 
the higher this rating—and permit comparisons of 
effectiveness of the investigations. 
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ologic index from .34 to .84 infected persons 
identified through contact investigation per 
patient with early syphilis; the brought-to- 
treatment index from .11 to .57 hitherto un- 
known cases found per original case; and 
the Jdeston-to-lesion index from .03 to .39 
contacts with lesions present per original 
patient with lesions. 

Some of the papers mentioned give 
sufficient data for the calculation of these 
indices for individual clinics. The range of 
the contact index was between 1.1 and 2.9; of 
the epidemiologic index between .23 and 1.28; 
of the brought-to-treatment index between .12 
and 1.00; and of the /eston-to-lesion index 
between .06 and .72. 

A variety of technics and methods was 
used by these investigators. Poorest results 
follow the use of compulsion. Success de- 
pends primarily upon the proper persuasive 
approach to the original patient.***° The 
key to success lies in his attitude; he alone 
can identify his contacts; and it is he, not 
the physician, social worker, nurse or in- 
vestigator who actually formulates the 
type of method to be employed in locating 
contacts. Before the patient is willing to 
disclose the secrets of his intimate relation- 
ships, a good rapport must be established 
between him and the questioner. Direct 
questioning should be avoided until the 
- patient has an intelligent understanding of 
syphilis and its implications insofar as he 
and his health are concerned. The means 
of spread from person to person must be 
explained. It should be pointed out to the 
patient that no attempt is made to deter- 
mine who acquired the disease first, pa- 
tient or contact; that the original patient 
merely serves as an index to the discovery 
of many others suffering from the same 
disease and capable of transmitting it. 

In contact investigation attention is 
focused in two directions: toward the 
patient himself and toward the contacts 
named by the patient. 

Approach to the Patient. The differentia- 
tion of “‘source’ and “‘spread” contacts 
should be discouraged. The expression 
‘source of infection” carries implication of 
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accusation and should be avoided purposely 
both in the approach to the patient and to 
his contacts. Fixing the blame is unimpor- 
tant since each infection is a_ potential 
source of another one. The patient when 
asked, ‘‘Where do you think you got this?” 
or “‘Who gave you this disease?” thinks in 
terms of his most recent exposure, or of a 
consort he suspects or dislikes, or about whom 
he has heard rumors. He thinks in terms 
of a single individual or a single exposure 
since (presumably) he has been informed 
prior to this questioning that the disease is 
spread from one person to another through 
intimate contact involving moist surfaces. 
He is asked to make a decision which, be- 
cause of the variation in incubation period, 
is difficult or even impossible for the 
trained physician. This question also allows 
the patient to maintain the concept of being 
wronged or of having wronged someone 
else. The attitude of ‘‘source of infection’”’ 
in the approach to the contact places him 
or her on the defensive. It may sanction an 
erroneous impression on the part of the 
investigator that the ‘“‘alleged’’ source is 
really the guilty party and as such is not 
deserving of persuasive tactics. An inex- 
perienced worker may think that the work 
is done and the task is complete when this 
‘“‘source”’ is found, yet every infected person 
is a potential source of another infection. 
The question, ‘“‘Where did you get it?’’ 
implicates only one person and ignores 
those exposed to the patient’s own infection. 
It does not answer the basic epidemiologic 
question, ‘“‘Who has been exposed to 
syphilis?” nor does it allow maximum epi- 
demiologic attack. If further transmission 
of the disease is to be arrested, information 
must be sought concerning all sexual con- 
tacts over intervals selected to include both 
the stage of active communicability and 
the incubation period of the disease. 
These intervals have been variously defined 
but, in general, examinations should be 
made of all contacts of the three-month 
period prior to the appearance of a chancre 
or the four to six months prior to the on- 
set of secondary manifestations. Examina- 
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tion of contacts (other than marital and 
family) of patients with syphilis of more than 
twelve months’ duration contributes little 
to the control of the disease. Time magnifies 
the difficulties in finding them and, when 
found, their period of communicability has 
already been interrupted by the natural 
course of the disease. 

The married patient presents the first 
vital problem, that of the interpretation of 
the diagnosis to the spouse. The emotional 
reaction on the part of the patient may be 
one of self-condemnation or spouse-accusa- 
tion. In either event, the patient must be 
convinced of the necessity for examination 
of the marital partner. Although it is more 
desirable for the patient to assume the 
responsibility of telling the marital partner, 
valuable assistance can be rendered the 
patient by a discussion of methods of com- 
municating the information. The decision 
of what to do under this circumstance will 
depend upon the degree of mutual under- 
standing that exists between the patient 
and the spouse and the available facilities 
of the clinic to carry out the most ad- 
vantageous approach. The patient may be 
advised as to what to say, may bring the 
spouse in for discussion with the physician 
or clinic worker or in some instances the 
“family approach” may be used. This ap- 
proach has been effectively used and 
described by Sweeney." It is accomplished 
by means of a pre-arranged plan with the 
original patient. After the diagnosis of the 
original patient has been made, it is planned 
that a representative of the physician or 
clinic will call upon the original patient 
and the spouse, informing them simultane- 
ously that both have been exposed to 
syphilis (which indeed is the truth if one of 
them has the disease) and that both should 
go for examinations. Certain disadvantages 
of the plan cannot be denied. It is true that 
pre-existing suspicions may be confirmed 
and further marital discord stimulated or 
new suspicions aroused. Nevertheless, a 
desire to maintain an intact family unit is 
the rule and in this approach no accusation 
has been leveled at either of the marital 
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partners. There is no indication that in- 
fidelity of one of the partners is known or 
suspected; ‘“‘face”’ is saved. 

The least desirable decision of all is to 
have a spouse examined under some unre- 
lated pretext. The disadvantages of this 
are apparent. In most instances if the pa- 
tient has early syphilis, the spouse will also 
be found to have early syphilis if exposure 
has taken place. Therefore, if the spouse 
examined under some other pretext is found 
to have syphilis, the problem of family 
relationship remains to be solved. If, on 
the other hand, repeated examination fails 
to disclose syphilis in the partner, the 
original patient is committed to a life of 
fear of being found out. From time to time 
reasons for further examinations, blood 
tests and lumbar punctures must be ex- 
plained by the patient to the uninfected, 
unsuspecting spouse. 

To prevent premature marital accusation, 
it is well to remind the patient that the 
spouse may be found not to have syphilis or 
that, if infected, the blame may fall on the 
one whose infection was discovered first. 

The necessity for the examination of 
other members of the family depends upon 
their habits and the possibilities of effective 
exposure. Syphilis is a disease of intimate 
contact. There is little or no danger to other 
members of the family through casual con- 
tact even when lesions of primary and 
secondary syphilis are present. However a 
nursing child of a syphilitic parent needs 
examination. Because of family habits of 
promiscuity, adolescent siblings of un- — 
married patients with primary and second- 
ary syphilis provide a high yield of new 
cases of early syphilis.® 

Obtaining Names of Non-marital Sexual 
Contacts. When patients have been con- 
vinced of the good fortune of early diagnosis 
and when they realize that they can be 
responsible for others deriving similar bene- 
fits without identifying themselves, they 
usually can be persuaded to divulge the 
names of their sexual contacts. Usually it 
is necessary to emphasize the fact that all 
persons with whom they have had intimate 
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contact may have the disease without 
knowledge of infection or even of exposure 
to the disease. The responsibility of pro- 
tecting these unsuspecting persons from the 
late manifestations of syphilis is placed 
directly upon the patient since the patient 
alone knows of the exposure to the disease. 
The patient is reminded that failure to 
diagnose and treat these contacts is failure 
to prevent blindness, insanity and perhaps 
death and his contribution to this failure 
is emphasized. In seeking contact names, 
great care must be exercised not to allow 
the patient to think in terms of the one who 
infected him nor that he is being accused 
of infecting others. 

Patients who have disclosed the names 
of their sexual consorts under a promise 
that their own names will not be disclosed 
should be warned of the possibility of in- 
advertent revelation of their secret. Their 
contact may, after being seen by the in- 
vestigator, canvas all the friends in order 
to determine gave the name.” It 
must be impressed upon the patient that if 
approached by the contact, it is not because 
of knowledge but because of suspicion only. 

To the patient who gives no contact 
names or who admits one or more contacts 
and withholds the names of others, promis- 
ing personal attention to the matter, the 
question should be asked, ‘“‘What are you 
going to tell them? How are you going to 
impress upon them the importance of 
examination without disclosing your own 
diagnosis?” 

As much information as possible should 
be obtained about the contact. Ideally, the 
full name and address, marital status, size 
and description of family and information 
on the home situation should be obtained. 
When this is not obtainable, other helpful 
data are nicknames, description, height, 
color of hair, approximate age, distinguish- 
ing physical characteristics that may be 
visible, habitus, places where they might 
be found in addition to home, some descrip- 
tion of the surroundings of the home if the 
address is not available (fence, steps, type 
of door, type of porch, size of house, near 
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corner, away from corner, on the hill, in a 
valley, near a track, etc.). The marital 
status and other family data of the alleged 
contact should be noted as well as other 
possible personal information that may 
assist in persuading the contact to come 
in for an examination. The patient should 
be asked if he or she is aware of the alleged 
contact attending other clinics or visiting 
private physicians. 

Approach to the Contact. This may be 
made: (1) by the patient or (2) by the 
treating agency or its delegate. There are 
both advantages and disadvantages in per- 
mitting the patient to persuade the contact 
to come in for examination. The advantages 
are financial. The disadvantages are that 
the patient usually will not be able to 
emphasize fully the importance of examina- 
tion, that there may be a considerable delay 
in securing the examination and that the 
contact learns of the patient’s infection. 
The patient who volunteers to bring his 
contact in may not realize that this auto- 
matically divulges his diagnosis. He should 
be advised of this fact. 

There are several types of approach to 
contacts when carried out by the treating 
agency or its emissary, such as: (1) by 
telephone, (2) by letter and (3) by personal 
visit. 

The use of telephone messages, letters, 
cards and telegrams for persuading con- 
tacts to come in for an examination requires 
knowledge of the home situation of the 
contact. These vehicles should be directed 
in such a manner as to ensure that the con- 
tact gets an adequate message without 
exciting the curiosity of others in the family. 
The results of the use of telegrams, special 
delivery and registered letters as compared 
to visits has been studied by Bundesen, 
Bauer and Baker,*' by Rosenthal and 
Kerchner®? and by Koch and Thornton.” 
The content of these messages varies but 
it is the general consensus that they should 
not contain a statement concerning syphilis 
or exposure to it. They should be strong 
enough to impress upon the recipient that 
it is absolutely essential to come to the 
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doctor, a specific clinic or the health 
department for a discussion of the contents. 
Various subterfuges have been used includ- 
ing letters with insufficient postage to 
create an interest and, in one instance, 
Brumfield, working in New York State, is 
said to have sent a blank envelope addressed 
to contacts hoping that its emptiness would 
persuade them to come quickly to the 
point indicated in the upper left hand 
corner of the envelope.* There is no infor- 
mation as to the success of this subterfuge. 

Personal Visits to Contacts. For the pur- 
pose of defining methods of approach, con- 
tacts are divided by Sweeney into three 
groups: (1) the independent single person, 
(2) the minor living with the family and (3) 
the married person. The independent single 
person who has been named as a contact 
presents little difficulty. There is consider- 
able difficulty in planning the course of 
action to secure the examination of a 
dependent minor named as a contact. A 
decision must be made as to whether the 
minor should be appealed to individually 
or through the family, whether or not 
the minor should be protected or ex- 
posed or whether the so-called family ap- 
proach might be used. There are similar 
difficulties in arranging examinations for 
contacts who are married and living with 
marital partners. A choice must be made 
between interviewing secretly and _ indi- 
vidually, or interviewing the two marital 
partners simultaneously in the manner 
described in the discussion of spouses of 
patients. The individual approach has the 
advantage if the contact is free of syphilis, 
-but it is a great disadvantage if the contact 
is infected, since the problem of breaking 
the news to the spouse still remains. The 
probability of the contact being infected is 
about three to four.* The family approach 
has been used with considerable success by 
Sweeney working in the clinics of the 
Vanderbilt University Hospital. 

Although the content of the interview 
with the alleged contact may vary con- 
siderably, the following general pattern is 

* This has not been verified. 
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suggested. After proper introduction, the 
investigator can explain the visit something 
like this: “Whenever we see at our hospital 
(or clinic or health department) a patient 
with any kind of catching disease, such as 
tuberculosis, measles, scarlet fever, typhoid, 
syphilis or smallpox, we ask them to tell us 
the names of all the people in their families 
and others that they have been ‘close to’ 
during the time that the disease was catch- 
ing. We do this so that people who might 
have caught the disease may have oppor- 
tunity for examination before the disease 
has gone very far. You will agree that this 
is a good idea, won’t you? Now, a short 
time ago, we had a patient at our clinic 
who was found to have catching syphilis. 
Do you know what syphilis is? (And then 
follows, depending upon the reply, some 
information about syphilis.) We asked this 
person to give us the names of members of 
the family and persons that they had been 
‘close to’* so that we could go out and see 
that these people were examined. Among 
the names that were given us was yours. 
The patient wanted to protect you from 
the serious effects of the disease and thought 
enough about you to want to help you.” 
To the inevitable question of who that 
person was can be given the answer that 
the investigator does not know, or that the 
investigator is maintaining a confidence. 
This impresses upon the contact that con- 
fidence will be respected. In the great 
majority of instances this explanation is 
satisfactory. Ample opportunity is available 
to explain syphilis to the contact, to impress 
upon him the importance of immediate 
examination and to point out the possibility 
of syphilis being present without symptoms. 
The contact is then encouraged to go to his 
private physician or to a clinic for repeated 
blood tests and physical examinations. 

It should be re-emphasized that the 
period of time between the diagnosis of 
syphilis in the original patient and the ex- 
aminations of contacts is extremely im- 


* Note here that sexual intercourse is not mentioned 
and the sex of the original patient is not revealed to the 
contact. 


portant in the spread of syphilis. Intelligent 
explanation to the contact by experienced 
workers shortens it. The use of any method 
of communication with the contact is 
limited by existing facilities and by the 
completeness of information about the con- 
tact. Guthrie*! has shown that effort ex- 
pended on contacts for whom identifying in- 
formation was incomplete increased several 
fold the cost of case-finding. Since the 
epidemiologic attack is concerned with mass 
phenomena, methods must be _ utilized 
which give maximum numerical returns for 
the effort expended. Thus, only a limited 
amount of effort can be allowed in the 
individual case. 

Once the contact reaches the physician 
or clinic, he becomes a challenge in case- 
holding because examinations must be 
repeated periodically throughout the proba- 
ble incubation period of syphilis, and in 
case-finding, because all available diagnos- 
tic measures must be judiciously utilized. 
Moore*® summarizes the situation: ‘Or- 
ganized case-finding by routine serologic 
testing and the epidemiologic approach 
offer a solution of many of the difficulties 
encountered in getting patients under 
treatment. If they are generally applied, 
the demand for treatment facilities would 
be from two to three times greater than at 
present. 

‘To the factors enumerated which oper- 
ate to prevent persons infected with syphilis 
from seeking early and adequate medical 
care, that is, symptomless infection, igno- 
rance, carelessness, viciousness, and the easy 
access to quack or drugstore treatment, 
may be added one other factor which 
applies to early and late syphilis alike; 
namely, the ignorance of many physicians 
of the elementary methods of recognizing 
syphilis. Unfamiliarity with the darkfield 
apparatus, a lack of understanding of the 
proper use or interpretation of serologic 
tests, and an absence of appreciation of 
syphilis as an infectious disease—these are 
the blinders which hamper the medical 
profession.”’ 
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SUMMARY AND CONCLUSIONS 


Knowledge of the basic facts of the epi- 
demiology of syphilis is essential for its 
control. These’ basic facts are acquired 
through careful study of: (1) the biologic 
characteristics of the T. pallidum; (2) the 
nature, customs and habits of the human 
host and his reactions to the micro-organ- 
ism; and (3) the related environmental 
conditions. 

The object of epidemiology is to deter- 
mine the details of the relationships of these 
factors so that means may be developed 
to alter this relationship in favor of the 
human host. In syphilis this is accom- 
plished by attempts to reduce the number 
of effective exposures to the T. pallidum. 
Epidemiologically this means: (1) mainte- 
nance of adequate treatment and post- 
treatment examination requirements among 
discovered infections; and (2) reduction o1 
periods of infectiousness by early recogni- 
tion of previously undiscovered infections. 

Of the various methods of case-finding, 
contact investigation is the most direct 
epidemiologic approach and offers the best 
opportunity for discovery of early infectious 
cases. 

In contact investigation attention is 
focused primarily upon the patient. The 
patient is the key to success. Direct ques- 
tioning as to sexual intimates should follow 
careful explanation of the disease and 
adequate consideration of the patient’s 
immediate problems, such as telling the 
family or interpretations to the marital 
partner. Names of extramarital sexual 
contacts are readily obtained when properly 
sought. ; 

The “named” contact can be persuaded 
to submit to examination if the situation is 
adequately explained. 
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Biologic False Positive Reactions in Serologic 
Tests for Syphilis’ 


Hans NEURATH, PH.D. 
Durham, North Carolina 


HE term “‘biologic false positive’’ is 

commonly used to denote those 

positive serologic reactions for syph- 
ilis which occur in the absence of any 
clinical evidence for, or history of, syphilis. 
The clinical recognition of such reactions is 
thus based on purely negative evidence 
derived by a process of elimination. The 
resolution of serologic conflicts arising from 
positive serologic tests in the absence of 
confirmatory clinical evidence has become 
a problem of prime importance in the 
diagnosis and control of the disease and has 
given renewed emphasis to the need for 
the development of serologic methods of 
differentiation. 

Although the literature is replete with 
reports on serologic methods which pur- 
portedly differentiate a biologic false positive 
reaction, none of these empirical methods 
has yet been found to be valid when applied 
to a statistically significant number of care- 
fully selected sera of biologic false positive 
and syphilitic origin. This is true of all of 
the methods which were recently reviewed 
in comprehensive discussions of the prob- 
lem.'"* A more optimistic outlook may be 
justified if two newer developments in the 
serologic field will fulfill their initial promise. 
These are (1) the introduction of cardio- 
lipin antigen and (2) the euglobulin-inhibi- 
tion test. Both of these will be considered 
in some detail in the present paper. 


CLINICAL ASPECTS OF THE PROBLEM 


The general problem of biologic false 
positive reactions as viewed by the clinician 
has been so excellently discussed on numer- 


ous occasions'’ that it does not warrant 
detailed consideration within the limited 
space of this report.* It is well established 
that certain diseases and febrile states are 
apt to elicit transitorily positive serologic 
tests for syphilis. These include immuniza- 
tions (smallpox, typhoid, tetanus, etc.), 
respiratory infections (chronic and acute 
‘‘common colds’’), infectious mononucleo- 
sis, malaria, virus pneumonia, bacterial in- 
fections, lymphogranuloma venereum, lep- 
rosy and several others. While a positive 
serologic test in the presence of any one of 
these febrile states and diseases does not 
acquit the patient of the suspicion of 
syphilis, the chances may be even that the 
serologic test is of the biologic false positive 
type. However, biologic false positive reac- 
tions may also occur in healthy, apparently 
normal individuals who have no history of 
syphilis or of any recent disease which may 
have provoked a biologic false positive 
response to serologic tests for syphilis.** 
In this group of individuals positive serolo- 
gic tests are usually more persistent, ex- 
tending over periods of months, years and 
sometimes persisting for life. Positive sero- 
logic tests in this group of individuals con- 
stitute the most frequent source of diagnostic 
errors. 

Positive serologic reactions in treponemal 
diseases other than syphilis, such as yaws, 
bejel and pinta, are probably truly positive 
in the sense that these diseases are elicited 


* A discussion of the problem has recently been given 
by Stokes and James (manuscript in preparation). I 
am indebted to Dr. John H. Stokes for the privilege of 
reading the manuscript prior to publication. 


* From the Department of Biochemistry, Duke University School of Medicine, Durham, N. C. 
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by spirochetes which are morphologically 
and antigenically related to Treponema 
pallida. In accordance with Rein and Els- 
berg® the term syphiloid is suggested to 
indicate that these positive reactions proba- 
bly represent a serologic response of truly 
biologic origin. 

Literature surveys reveal wide discrep- 
ancies in the incidence of occurrence of 
biologic false positive reactions in various 
diseases other than syphilis. While these 
discrepancies arise in part from variations 
in the number of testings and the time inter- 
vals between testings, it appears that even 
when frequent testing with a battery of 
serologic tests is employed, not all indi- 
viduals afflicted with the same non-syphili- 
tic disease will develop false positive serologic 
reactions. This observation together with 
the observation of the occurrence of (biologic 
false) positive serologic reactions in appar- 
ently healthy individuals has elicited the 
concept of “reactors,” i.e., individuals who 
are predisposed toward the formation of 
circulating antibodies which are reactive 
toward antigens employed in_ serologic 
tests for syphilis.* Any factor which stimu- 
lates the antibody-forming mechanism of 
the system (active and passive immuniza- 
tions, infections, etc.) may thus provoke a 
biologic false positive reaction for syphilis. 
While this concept is appealing and helpful 
as a working hypothesis, direct experimental 
proof in the form of survey studies has not 
yet been attempted. It is the consensus 
among clinicians, serologists and Public 
Health Agencies* that a solution to the 
problem of biologic false positive reactions 
is one of the most pressing needs in the field 
of venereal diseases. 

What then is the stumbling block which 
has impeded progress in the solution of this 
problem? It appears that every attempt 
that has ever been made sooner or later 


* An indication of this is the number of research 
projects which the Division of Grants and Fellowships 
of the National Institute of Health is sponsoring 
Government, University and private laboratories, on 
recommendation by the Syphilis Study Section of that 
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meets two serious obstacles. The first of 
these is the lack of a base-line against which 
the validity of any serologic method of dif- 
ferentiation can be measured. 

This has already been alluded to in the 
outset of this discussion and may be re- 
stated in more detail as follows: In order 
to prove that a person has a truly biologic 
false positive reaction, the following criteria 
must be fulfilled.* (1) There must be no 
history of infection with syphilis or gonor- 
rhea, nor of antisyphilitic therapy. (2) The 
individual must have been known to be 
repeatedly seronegative before the first 
appearance of the positive reaction. (3) The 
first reaction must shortly have been pre- 
ceded by one of the diseases or febrile states 
which are known to be apt to elicit a bio- 
logic false positive reaction (immunization, 
virus pneumonia, etc.) (4) The spinal fluid 
must be normal. (5) Familial and marital 
contacts must have been examined with 
no evidence for syphilis. (6) The patient 
must show no evidence of syphilis, especi- 
ally stigmata of congenital syphilis. (7) He 
must become spontaneously seronegative 
within four to six months of the disease or 
episode which originally elicited the first 
positive reaction. While these requirements 
greatly limit the number of biologic false 
positive sera available for systematic study, 
the use of less strictly defined testing sera 
will always leave a lingering doubt as to 
the validity of the results. The mere fact 
that no evidence for syphilis has been ob- 
tained from a patient whose serum is sub- 
mitted for study does not prove its absence. 

However, if a serologic method of dif- 
ferentiation is to be developed, with testing 
material as carefully selected as called for 
by the above criteria, it must meet the 
following requirements’ in order to be 
valid: (1) Sera from syphilitic individuals 
with positive serologic tests should always 
give a syphilitic type of verification reac- 
tion. The single exception to this require- 
ment may perhaps be in the case of indi- 
viduals who are susceptible to biologic 
false positive reactions (reactors) and who, 
despite adequate therapy and complete 


= 
organization. 


672 


disappearance of all clinical manifestations 
of the disease, may at times become serolog- 
ically positive. The distinction between 
resistance to therapy, serologic resistance 
and serologic reactor is one of the most 
difficult diagnostic problems in this field. 
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empirical use of lipoidal beef heart extract 
instead of specific antigens derived from 
human pathogenic strains of T. pallidum, 
the specificity of the serologic reaction is of . 
high order. A similar degree of specificity 
of these antigens with biologic false positive 


TABLE I 
PROTOCOL OF EUGLOBULIN-INHIBITION TEST PERFORMED ON A TYPICAL BIOLOGIC FALSE POSITIVE SERUM * 
Rein-Bossak Cardiolipin V. D. R. L. Cardiolipin 
Date Fraction 
Undil. | 1:2 | 1:4 | 1:8 | 1:16) Undil. | 1:2 | 1:4 | 1:8 | 1:16 
4/9/48 28430 | Serum 0 0 0 0 0 0 0 0 0 0 
Euglobulin 4 4 4 3 1 4 4 2 1 0 
Euglobulin + Inhibitor; 0 0 0 0 0 0 0 0 0 0 
5/6/48 30221 | Serum 0 0 0 0 0 0 0 0 0 0 
Euglobulin 0 0 0 0 0 0 0 0 0 0 
é Euglobulin + Inhibitor; 0 0 0 0 0 0 0 0 0 0 


* Patient R. B., History Number R-185. Clinical diagnosis: Biologic false positive; reactor due to pityriasis rosea. 


(2) Sera from non-syphilitic individuals 
with positive serologic tests should always 
give the biologic false positive type of 
verification reaction. (3) The diagnosis of 
syphilis should be established in persons who 
consistently give the syphilitic type of veri- 
fication reaction on repeated examination. 
(4) The diagnosis of syphilis should be ex- 
cluded in persons who consistently give 
the biologic false positive (non-syphilitic) 
type of verification reaction on repeated 
examination. | 

It may be stated categorically that to 
date no test has been devised which fully 
meets these requirements. However, the 
introduction of cardiolipin and the develop- 
ment of the euglobulin-inhibition test, 
employed singly and in combination, have 
gone far toward attainment of the final 
goal. 

The second obstacle to the solution of the 
present problem is of immunologic origin 
and relates to the nature and mechanism 
of the serologic reaction itself. 


IMMUNOLOGIC ASPECTS 


Although complement fixation and floc- 
culation tests for syphilis are based on the 


human sera can be expected only if either 
the reacting antibodies are immunologically 
identical with the antibodies to syphilis or 
if the two types of antibodies are immu- 
nologically cross-reactive with the same 
antigen. Immunological identity of the two 
types of antibodies would preclude any 
hope for any differentiation by serologic 
methods; whereas immunologic cross-re- 
activity leaves the door open by methods of 
selective adsorption, inhibition, etc. Alter- 
natively, a cross-reactive factor in lipoidal 
antigens, if it exists, might be removed by 
further purification of lipoidal beef heart 
extracts, leaving an antigen specific for 
syphilis. Attempts in both directions have 
been recently made, with promising initial 
results. In the work of Neurath and co- 
workers, which led to development of the 
euglobulin-inhibition test, the serologically 
active antibodies were concentrated in a 
single serum euglobulin fraction. In the 
presence of a “specific” serum inhibitor, 
euglobulin fractions of syphilitic origin 
reacted with undiminished activity with 
beef heart antigens whereas the reaction of 
euglobulin fractions of biologic false posi- 
tive origin with the beef heart antigen was 
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inhibited. In the work of Pangborn, which 
led to the isolation of cardiolipin (a chemi- 
cally purified beef heart extract), the 
specificity of the antigen was markedly 
increased thereby eliminating many albeit 
not all biologic false positive reactions, 
without impairment of the sensitivity of the 
antigen toward syphilitic sera. Both of 
these recent advances were facilitated by 
reliance on basic principles of immunology 
and chemistry in contrast to the highly 
empirical “hit or miss”” methods that were 
previously advanced. It is reassuring that 
after the passing of a decade since the 
publication of Eagle’s'®° comprehensive work, 
the serology of syphilis has found its way 
back to the basic concepts of immunology 
and chemistry. 


CARDIOLIPIN ANTIGEN 


Cardiolipin is a lipoidal component of 
beef heart extract of relatively high degree 
of chemical purity and reproducible chemi- 
cal composition.''~'* The hydrolytic cleav- 
age products of cardiolipin are linoleic acid, 
oleic acid and a polyester of glycerophos- 
phoric acid and glycerol. Its minimum 
molecular weight is about 740.'* Among 
previously known phospholipides the near- 
est analog is a group of plant phosphatidic 
acids. Like the older lipoidal beef heart 
extracts, cardiolipin requires cholesterol 
and lecithin as companion components for 
the performance of serologic titrations, and 
the preparation and standardization of 
purified beef heart lecithin by Pangborn'® 
has further increased the precision and 
reproducibility of cardiolipin antigen emul- 
sions. Complement fixation and flocculation 
tests with cardiolipin vary in sensitivity and 
specificity with the relative proportions of 
cardiolipin, lecithin and cholesterol. Vari- 
ous mixture ratios have been proposed by 
several authors; of these, the procedures of 
Harris and Portnoy,'* Maltaner and Malt- 
aner,!’? Brown'® and Kolmer’® have attained 
prominence for complement fixation titra- 
tions, whereas the microflocculation tests 
proposed by Rein and Bossak,”° Kline?! 
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and Harris, Rosenberg and Riedel?? appear 
to be most recommendable. A macrofloccu- 
lation test has been proposed by Kahn.”* 
A review of serologic tests employing 
cardiolipin has been published by Rein 
and Coren.** While comprehensive survey 
studies on the relative sensitivity and 
specificity of cardiolipin as compared to 
older beef heart extracts remain to be pub- 
lished, preliminary data indicate clearly 
its high performance as regards both sensi- 
tivity and specificity. Unpublished data by 
Rein,* Kent* and others who have been 
consulted by the author indicate that 
cardiolipin tests are the first to become 
positive in syphilis and the last to disappear 
following therapy, and that they give higher 
titers than do flocculation tests with the 
cruder lipoidal beef heart extracts. If this 
preliminary observation should be sub- 
stantiated by general experience, the need 
for a battery of serologic tests would no 
longer exist. The use of a single, standard- 
ized antigen for both complement fixation 
and microflocculation tests would lessen 
the burden on serologic laboratories and 
would likewise decrease the element of 
doubt which so often arises in the mind of 
the clinician when he is confronted by con- 
tradictory serologic results obtained with 
several serologic technics. Caution should 
be observed, however, to avoid the inviting 
procedure of lowering the sensitivity of 
cardiolipin antigen emulsions for the pur- 
pose of eliminating all biologic false positive 
reactions which can be accomplished only 
at the sacrifice of lowered specificity. 

In the author’s laboratory the Rein- 
Bossak”® cardiolipin microflocculation test 
and the V. D. R. L. slide test?* have been 
used hand in hand. In agreement with the 
experience of others no preference can as 
yet be given to one of these two tests over 
the other, except perhaps that the antigen 
emulsion of the V. D. R. L. test is more 
readily prepared in routine laboratory 
work and yields fewer atypical zone reac- 
tions in high titered sera. 

* Private communication by Dr. Charles R. Rein 
and Mr. John F. Kent. 
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In certain diseases which show a high 
incidence of false positive reactions in 
serologic tests for syphilis, cardiolipin anti- 
gen gives considerably fewer positive reac- 
tions than do other serologic technics. In 
sporozoite-induced human malaria Rein 
and Kent® found that the highest percent- 
age of positive reaction was observed with 
the Kahn standard test, whereas the Rein- 
Bossak cardiolipin microflocculation test 
was weakly positive in only three of fifty- 
seven sera which were positive to one or the 
other of the older tests. A similarly high 
degree of specificity was obtained in a 
separate study by Kline as quoted by Rein 
and Kent.’ 

While a like specificity of cardiolipin 
antigen probably exists in other diseases 
which elicit biologic false positive reactions, 
this is not true of all of them. Little dif- 
ference has been observed between cardio- 
lipin tests and some of the older tests in 
biologic false positive reactions due to 
leprosy,** and preliminary data suggest 
that in infectious mononucleosis**** cardio- 
lipin may possibly be even less reliable in 
serologic tests for syphilis than tests em- 
ploying cruder beef heart extracts. No 
distinction between these two types of tests 
could be made when they were applied to 
a study of sera from patients with syphiloid 
diseases. 

While the introduction of cardiolipin in 
serologic tests for syphilis marks definite 
progress toward at least two generally ac- 
cepted aims, i.e., the standardization and 
reproducibility of antigen preparations and 
increased sensitivity and specificity for the 
serologic diagnosis of syphilis, the third aim, 
namely, elimination of biologic false posi- 
tive reactions, has not been achieved by 
cardiolipin. 


EUGLOBULIN-INHIBITION TEST 


It would take us far afield to consider 
here in detail the fundamental aspects of the 
work which led to the development of this 
technic. Reference is made to a series of 
publications which appeared in 1947*?6—29 
and to the publication of the results of a 
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cooperative survey study which is to be 
published in the near future and which 
will also describe the technic as used at the 
present time. A brief resumé of the nature 
of this technic follows: 

The Serologically Active Euglobulin Fraction. 
In common with other immunologically 
active antibodies, the antibodies in syphilis 
as well as the antibodies which give rise to 
biologic false positive reactions for syphilis 
are not evenly distributed among all serum 
protein components, but are limited to that 
globulin fraction which is commonly de- 
noted as gamma globulins, of which only a 
minutely small fraction, however, is sero- 
logically active. Concentration of the anti- 
bodies can be achieved by so-called iso- 
electric precipitation. This involves ten-fold 
dilution of the whole serum with concomit- 
ant lowering of the pH of the diluted serum 
to 6.2 to 6.4. The fraction which precipi- 
tates is readily soluble in phosphate buffer, 
pH 6.8, and the reacting antibodies can be 
concentrated (and their serologic titer per 
unit volume increased) by dissolving the 
precipitate obtained from a relatively large 
volume of serum (5.2 cc. or more) in a 
relatively small volume of buffer (1 cc.or 
less). This euglobulin fraction, representing 
about 7 per cent of the total proteins, is 
composed of about 50 per cent gamma 
globulin, about 20 per cent each beta globu- 
lin and alpha, globulin, no alpha, globulin 
and only traces of serum albumin. About 13 
per cent of the total serum gamma globulins 
are precipitated in the euglobulin fraction 
but this fraction contains 50 per cent or 
more of the total serologically active anti- 
bodies, indicating a preferential concentra- 
tion of the antibodies relative to the total 
gamma globulins in this fraction. This euglo- 
bulin solution is. used for quantitative 
serologic titrations, using buffer as diluent. 
The titer thus obtained is used as a basis 
of reference to judge the degree of inhibition 
(vide infra). 

The Inhibitor. This is a human serum 
protein fraction which is serologically in- 
active and which was originally believed 
to be associated with human serum albu- 
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min.*° Further studies have shown that the 
inhibitory factor is part of the lipid-rich 
alpha, globulin fraction which precipitates 
as Fraction 1v-1, a by-product of the plasma 
fractionation process which has been de- 
veloped for the large scale preparation of 
serum albumin.*! The inhibitory factor is 
found in good yields in about 70 per cent 
of all human sera that have been tested, 
normal and syphilitic as well as sera from 
patients who developed biologic false posi- 
tive reactions for syphilis. This factor is 
conspicuously absent in sera from patients 
with liver disease. Recent work by Volkin*? 
in the author’s laboratory has shown that 
the lipoidal component of the inhibitory 
protein fraction has all the properties of 
serum lecithin. Egg lecithin, however, does 
not possess specific inhibitory properties, 
nor do the alpha, globulin fractions from 
sera of species other than man. | 

Laboratory Performance of the Euglobulin- 
Inhibition Test. The essential steps in the 
performance of this test are as follows: (1) 
The solution of the euglobulin fraction, 
twice as concentrated as this fraction occurs 
in the whole serum, is subjected to quanti- 
tative serologic titrations in serial two-fold 
dilutions with buffer as diluent. This yields 
the control titer in units (calculations of 
units of titer as described previously‘). (2) 
Another aliquot of the euglobulin solution 
to which a specified amount of inhibitor 
has been added is similarly subjected to 
quantitative serologic titrations in serial 
two-fold dilutions, using the inhibitor 
solution as diluent (in order to maintain a 
constant inhibitor concentration in each 
dilution). The degree of serologic positivity 
in each dilution in the presence of the 
inhibitor is compared with the degree of 
positivity of the corresponding dilution of 
the euglobulin control solution. 

Complete inhibition by the inhibitor 
(solution b) is indicative of a biologic type of 
reaction. Conversely, failure of inhibition is 
indicative of the syphilitic type of reaction.* 

* Since in the presence of a large excess of antibodies 
(high-titered fractions) the capacity of the inhibitor may 
be exceeded, yielding incomplete inhibition, a quantita- 
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If the euglobulin solution is serologically 
negative, the euglobulin-inhibition test is, 
of course, not applicable even if some 
serologic activity is demonstrable in the 
whole serum. In that case the reaction is 
said to be of the negative type. 

Experience has shown that the euglobu- 
lin-inhibition test is more specific when 
used in conjunction with cardiolipin anti- 
gens than with antigens containing crude 
beef heart extracts (Mazzini, Kline, Kahn). 
As a result of this experience, the euglo- 
bulin-inhibition test is now being used 
exclusively in conjunction with the Rein- 
Bossak* and the V. D. R. L.”* antigens. 

Validity of the Test. In a preliminary 
survey analysis*® it was found that about 
95 per cent of all sera from patients with 
syphilis, regardless of stage of disease, serum 
titer and previous antisyphilitic therapy, 
gave the syphilitic type of reaction. The 
single exception was the group of low- 
titered sera from untreated patients with 
early primary syphilis in which the agree- 
ment between diagnostic status of the pa- 
tient and the type of serologic reaction was 
hardly better than chance.* In the same 
survey it was found that in about 95 per 
cent of all serologically positive sera from 
patients without syphilis, as judged for the 
most part by the criteria set forth earlier in 
this paper, the biologic false positive type 
of reaction was obtained. Here, too, the 
type of serologic reaction was independent 
of serum titer and independent of the 
disease or febrile condition which appeared 
to have elicited a positive serologic test. 

More recently, a cooperative survey 
study has been initiated by the Syphilis 
Study Section of the United States Public 
Health Service, with four participating 
laboratories (including that of the author), 
to test the validity of the euglobulin-in- 
tive scale has been recently introduced to resolve reac- 
tions in which incomplete inhibition occurs. 

* Two alternative explanations for the failure of this 


test in this group of sera have been suggested.” Resolu- 
tion of these discrepancies is obtained as soon as the 


serum titer increases, whereupon the syphilitic type of 
reaction makes its appearance. In all other instances the 
euglobulin-inhibition test is independent of serum titer. 
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hibition test when performed in laboratories 
other than that of the originator.* The 
serologic technics of the four laboratories 
were standardized and identical reagent 
preparations and serum specimens were 
used. Only sera from patients with un- 
equivocally determined clinical status were 
included in the evaluation of the results 
but without consideration of serum titer. 
Comparison between serologic results and 
clinical status was made after the serologic 
testing had been completed in each of the 
four laboratories. A final evaluation of the 
results will be published in the near future 
under joint authorship by the representa- 
tives of the four laboratories. Tentative 
statements made herein represent only the 
opinion of the author of this report. 

The sera from patients believed to have 
biologic false positive reactions for syphilis 
were for the most part from patients with 
sporozoite-induced malaria (about 75 per 
cent). About 93 per cent of the positive 
serologic reactions observed in the entire 
group of biologic false positive sera were 
of the biologic type and about 5 per cent 
were of the syphilitic type. About 95 per 
cext of all positive sera from patients with 
syphilis gave the syphilitic type of reaction 
in contrast to only 1 per cent which gave 
the biologic false positive type of reaction. 
While this agreement between clinical 
status and serologic type of reaction is en- 
couraging, it should not distract from 
apparent limitations and discrepancies that 
were evident. Thus, variable results were 
sometimes obtained on the same specimen 
in different laboratories. Discrepancies were 
sometimes also noted when the results ob- 
tained on the same specimen with two dif- 
ferent antigen emulsions (Rein-Bossak and 
V. D. R. L.) were compared with each 
other. It is obvious that these and similar 

* This survey study has been carried out under the 
sponsorship of the Syphilis Study Section of the Division 
of Grants and Fellowship, National Institute of Health, 
and includes in addition to the author’s laboratory: 
The Venereal Disease Research Laboratory, Staten 
Island; The Division of Serology, Army Medical School, 
Washington, D. C.; and the Laboratory of Dr. C. R. 
Rein, New York. A joint report will be published by the 
senior investigators of these laboratories. 
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sources of error and inconsistency will have 
to be traced and eliminated before this test 
can be submitted for general use. Also, the 
inhibitory fraction now in use is far from 
pure, containing about 98 per cent of in- 
active protein and lipid components. Work 
on further purification is in progress.*? 
Comments Regarding the Test. There is no 
assurance as yet that even under optimum 
experimental conditions the euglobulin- 
inhibition test will completely resolve sero- 
logic conflicts in the diagnosis of syphilis. 
It may well be that there exist inherent 
factors in this test which limit its resolving 
power, and that other concepts and ap- 
proaches may be found to penetrate the 
problem more deeply. Alternatively, it 
would not be surprising to find barriers of 
biologic origin which will always prevent 
us from reaching the degree of perfection 
which is required for complete resolution 
of the problem. It would take us into the 
realm of speculation if we were to dwell on 
the biologic and immunologic aspects of 
the nature of biologic false positive reac- 
tions. But the question may be raised whether 
we are justified in assuming immunologic 
identity of all antibodies which give rise to 
conditions of positive serologic tests in the 
absence of syphilis. Perhaps some of these 
‘non-specific’ antibodies are too closely 
related to the antibodies to syphilis to 
enable us ever to differentiate them from 
the syphilitic antibodies by any serologic 
technic. To retrace our steps even further, 
what is the threshold between positive and 
negative serologic tests? How ‘“‘negative’’ is 
a negative test for syphilis or, conversely, 
what minimal antibody concentration is 
required before they elicit a positive reac- 
tion with lipoidal antigens? Lastly, what is 
the relation of serologic tests to subclinical 
manifestations of the disease? 
* An illustration of the problem of absolute 
versus relative serologic negativity is furnished 
by repeated observations with the euglobu- 
lin-inhibition test which show that a serum 
euglobulin fraction may be strongly posi- 
tive, whereas whole serum may be negative 
or at best give a “doubtful” reaction. Such 
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an increase in reactivity has been observed 
even with cardiolipin antigens, as tabulated 
for a representative case in Table 1. It is 
more often seen in sera from patients who 
give biologic false positive reactions than 
in syphilitic sera but occurs only rarely in 
sera from normal individuals. The reason 
for the increased reactivity is two-fold: 
(1) Concentration of the antibodies in the 
more concentrated euglobulin fraction, as 
compared to the whole serum; (2) elimina- 
tion from the euglobulin fraction of the 
inhibitory factor which occurs in the 
alpha, globulin of the whole serum. Survey 
studies of the serologic activity of euglobulin 
fractions of sera from normal individuals, 
from individuals with recent episodes of 
diseases which tend to elicit biologic false 
positive reactions and from fully treated 
syphilitic patients should shed light on the 
problem of absolute and relative serologic 


negativity. 
CONCLUSIONS 


In conclusion we may state that serologic 
analysis has not yet reached the stage where 
it will take the place of clinical examination 
and probably never will. However, two 
recent developments in the field of serologic 
tests for syphilis have provided us with 
promising tools to aid the clinician in the 
diagnosis of syphilis. One of these, i.e., the 
introduction of cardiolipin, has increased 
the sensitivity and specificity of the serologic 
reaction in sera from patients with syphilis 
and has lessened the incidence of biologic 
false positive reactions in malaria and 
possibly in other diseases. The other de- 
velopment is the euglobulin-inhibition test 
which has been shown to distinguish 
biologic false positive reactions in more 
than 90 per cent of sera from carefully 
selected individuals who according to the 
best clinical judgment have never had 
syphilis, and to recognize syphilis in over 
95 per cent of all sera from patients who 
are known to have the disease (except low- 
titered sera from untreated patients with 
early primary syphilis). It remains to be 
seen whether an equal resolution can be 
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obtained with this method if the other two 
requirements previously stated are put to 
test: The diagnosis of syphilis should be 
established in persons who consistently 
give the syphilitic type of reaction on 
repeated examination; the diagnosis of 
syphilis should be excluded in persons 
who give the biologic false positive (non- 
syphilitic) type of reaction on repeated 
examination. 
SUMMARY 


The problem of biologic false positive 
reactions in serologic tests for syphilis has 
been considered in relation to certain basic 
clinical and immunologic aspects. These 
include the clinical definition and recog- 
nition of a biologic false positive reaction, 
the requirements of a valid serologic method 
of differentiation and the immunologic 
nature of the antibodies and antigens. 
Recent developments in the serologic diag- 
nosis of syphilis are reviewed and critically 
considered, with special reference to the 
introduction of cardiolipin and the euglobu- 
lin-inhibition test. The present status of the 
problem of biologic false positive reactions 
has been evaluated, with consideration of 
the possible clinical and immunologic 
limitations to complete resolution of the 
problem. 
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Nationwide Results in the Treatment of Early 
Syphilis with Penicillin’ 


Frank W. REYNOLDS, M.D. 
Bethesda, Maryland 


IVE years have elapsed since Mahoney, 

Arnold and Harris! made the first 

preliminary report on the activity of 
penicillin in syphilis. It now becomes possi- 
ble to speak in terms of “‘five-year cures” 
following the use of penicillin since three of 
the original four patients have remained 
symptom-free and seronegative for that 
length of time following their initial course 
of therapy.? There is reason to believe on 
the basis of earlier experience with metal 
chemotherapy® that this is suggestive evi- 
dence that “‘cure”’ actually has been effected 
as a direct result of the new therapeutic 
procedure. 

Factual data on penicillin in the treat- 
ment of early syphilis have been amassed 
with great rapidity. This has been possible 
because there have been in progress in this 
country two cooperative nationwide studies, 
one begun under the auspices of the Committee 
on Medical Research and subsequently con- 
tinued by the Syphilis Study Section, Na- 
tional Institutes of Health, and the other 
under the direction of the Venereal Disease 
Division, United States Public Health 
Service, through its Rapid Treatment 
Centers. It is with the results obtained in 
these two studies*® that the present report 
is concerned and upon which it is mainly 
based. 

From time to time it is desirable to remind 
ourselves that the ultimate goal is to find 
the ideal treatment for syphilis. In an earlier 
paper® the ideal treatment for syphilis was 
defined as one that is (1) completely and 
uniformly effective, (2) entirely devoid of 
toxicity and (3) readily administered with 


a minimum of inconvenience to the patient 
and to his physician. In this paper treat- 
ment with penicillin was compared with 
previously available methods of therapy 
and the following tentative evaluation 
made: “Penicillin is effective, but not 
always completely so. It is, in marked con- 
trast to metal chemotherapy, non-toxic, 
approaching the ideal in this respect. It is 
relatively easy to administer, and therapeu- 
tically effective amounts can be given in a 
comparatively brief period of time.” These 
statements are as true now as they were 
two years ago. 

As data continue to be accumulated 
additional conclusions can be drawn al- 
though these still are to be considered as 
tentative because of the notorious chronicity 
of syphilitic infections. For convenience 
the more recent advances in the penicillin 
therapy of syphilis will be discussed in 
terms of the three attributes of the hypo- 
thetic “ideal” form of treatment for this 
disease. 


EASE OF ADMINISTRATION 


The earliest schedules of penicillin ther- 
apy in early syphilis were those utilizing 
aqueous solutions of amorphous penicillin 
given at intervals of two, three or six hours. 
Such schedules had the distinct disadvan- 
tage of necessitating hospitalization because 
of the rapid excretion of penicillin when 
administered in aqueous solution. 

In order to make ambulatory treatment 
schedules feasible, a modified penicillin 
with prolonged activity is required. Many 
attempts have been made to extend the 


* From the Division of Research Grants and Fellowships, National Institutes of Health, Bethesda, Md. 
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duration of penicillin action, either by 
delaying its absorption or by blocking its 
renal excretion. The first satisfactory prepa- 
ration, penicillin in oil with 4.8 per cent 
‘beeswax (P.O.B.),’ has been evaluated in 
both of the nationwide studies and found 
to be at least as efficacious as comparable 
amounts of penicillin in aqueous solution. 
Superior to P.O.B. in several respects is 
the more recently developed procaine peni- 
cillin, a crystalline preparation which is 
relatively insoluble in tissue fluids and 
which results in serum concentrations of 
longer duration than are obtained with 
P.O.B. The procaine preparation has the 
additional advantage of not causing pain- 
ful local reactions and thus of making the 
course of therapy more tolerable to the 
patient. 

A suspension of crystalline procaine 
penicillin G in oil with 2 per cent aluminum 
monostearate® is currently being evaluated 
by the clinics cooperating with the Syphilis 
Study Section. With this preparation it is 
possible to maintain detectable (and in 
syphilis, presumably effective) serum con- 
centrations of penicillin for approximately 
seven days following a single intramuscular 
injection of 1.2 million units (4 cc.). 


TOXICITY 


The fact that penicillin even after five 
years of extensive use has caused no reported 
fatalities and comparatively few serious 
reactions continues to be one of the most 
remarkable attributes of the drug. 

The most frequently encountered unto- 
ward reaction is allergic dermatitis—most 
often urticaria or erythrodermia, the latter 
occasionally followed by exfoliation.® There 
is evidence that crystalline penicillin G is 
somewhat less allergenic in this respect 
than were the earlier and less pure peni- 
cillin preparations. Tending to counter- 
balance this is the fact that as more and 
more patients have been subjected to re- 
peated courses of penicillin, the incidence 
of allergic reactions has increased. There 
is some indication, however, that dermal 
sensitization is less common following the 
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use of procaine penicillin than with older 
preparations. 

Jarisch-Herxheimer reactions are fre- 
quent during penicillin therapy for early 
syphilis, with fever and transitory intensi- 
fication of the tissue reaction occurring in 
approximately one-half of the patients 
treated.'' The Milian type of reaction 
(“‘erythema of the ninth day”’) has not been 
reported although the delayed and dark- 
field-negative ‘‘exacerbation of secondary 
lesions’ described by Thomas, Landy and 
Cooper'? has much in common with the 
Milian phenomenon. Delayed ‘“‘serum-sick- 
ness-like’’ reactions occur but are not 
frequent. 


THERAPEUTIC EFFICACY 


The greatest single drawback to the use 
of penicillin in the treatment of early 
syphilis continues to be the comparative 
frequency with which recurrent infectious 
lesions are reported. As a result of the 
cooperative studies, the following facts now 
seem to be apparent: 

1. Penicillin alone (at least with any of 
the schedules and time-dose relationships 
thus far evaluated) is somewhat inferior in 
therapeutic activity to properly adminis- 
tered metal chemotherapy, provided the 
latter is completely carried out. 

It is easy to overlook the fact that metal 
chemotherapy, despite its toxicity and the 


_ difficulties in case-holding inherent in its 


proper administration, is highly effective. 
With arsenicals and bismuth employed in 
such time-dose relationships as the Army’s 
intensive courses compressed into periods 
of twenty-six weeks'* or of twenty days,’° 
the incidence of treatment failures was 
4.6 and 4.3 per cent, respectively. With 
amorphous penicillin in aqueous solution 
(2.4 million units, in divided doses given 
every three hours over a period of seven 
and one-half days) administered to a com- 
parable group of (Army) patients who were 
followed for approximately the same length 
of time, the failure rate was 10.6 per cent.'® 

2. Crystalline penicillin G is superior to 
amorphous penicillin especially when the 
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latter contains a significant content of 
penicillin K. 

The results of penicillin therapy in early 
syphilis are complicated by the fact that the 
first studies were carried out with amorphous 
penicillin of unknown composition.’ As the 
several penicillin species were recognized, 
information became available from a group 


of cooperating laboratories indicating that ° 


penicillin G is more efficacious against 
Treponema pallidum than any of the other 
known species.'* Of particular significance 
is the relatively low therapeutic activity in 
vivo of penicillin K.'® With the development 
of crystalline penicillin G, this latter product 
was studied exclusively and the clinical 
data, now of statistical validity, confirm its 
superiority over the crude penicillin prepa- 
rations used in the earlier studies. (Fig. 1.) 

3. The therapeutic results with penicillin- 
oil-beeswax (P.O.B.) have been at least as 
good as, and perhaps slightly better than 
those with comparable amounts of penicillin 
in aqueous solution. 

The study of ambulatory schedules of 
penicillin in various absorption-delaying 
vehicles is being carried on in nine cooperat- 
ing clinics* and supported by generous con- 
tributions of penicillin from ten pharma- 
ceutical firms. f 

The first product to be evaluated was 
penicillin-oil-beeswax (P.O.B.). A recent 
analysis*® of the results of therapy on an 
ambulatory basis indicates that this prepa- 
ration is at least as active as penicillin in 
aqueous solution and perhaps slightly more 
so. (Fig. 2.) . 

4. The results of penicillin therapy in 
early syphilis are influenced to a significant 
degree by the composition of the patient 

* Bellevue Hospital (E. W. Thomas), Columbia 
University (E. G. Clark), Emory University (A. Hey- 
man), Johns Hopkins University (J. E. Moore), Medical 
College of Alabama (R. O. Noojin), Southwestern 
Medical Foundation (A. G. Schoch), University of 
Pennsylvania (J. H. Stokes), University of Virginia (D. 
C. Smith), Vanderbilt University (R. H. Kampmeier). 

t Abbott Research Laboratories, Bristol Laboratories, 
Commercial Solvents Corporation, Heyden Chemical 
Corporation, Lederle Laboratories, Lilly Research 
Laboratories, Charles Pfizer & Company, Schenley 
Laboratories, Squibb Institute for Medical Research, 
Upjohn Company. 
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population treated (especially race, sex and 
stage of disease distributions). 

The proper interpretation of statistical 
data regarding the use of penicillin in early 
syphilis requires that the composition of 
the clinic population treated be analyzed 


20 F —— CRYSTALLINE PENICILLIN 
iS 
a 
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with respect to race, sex and (probably most 
important of all) stage of disease distribution. 

For some time it was a matter of con- 
siderable concern to syphilologists that there 
were significant discrepancies between the 
results obtained in different clinics utilizing 
comparable schedules of penicillin therapy. 
The results reported by Arnold and his co- 
workers” at the Venereal Disease Research 
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2 4 6 86 10 1 18 20 2 2 
Fic. 1. Cumulative total failure rates following 
therapy for early syphilis (4.8 million units in 
seven and one-half days). Comparison of 
amorphous penicillin with crystalline penicillin 
G. (Syphilis Study Section data.) 

Fic. 2. Cumulative total failure rates following 
therapy for early syphilis (4.8 million units in 
seven and one-half days). Comparison of aque- 
ous penicillin with penicillin-oil-beeswax. (Sy- 
philis Study Section data.) (The numbers along 
the ordinate in both illustrations represent 
cumulative percentage failing; those along 
the abscissa represent the months following 
treatment.) 
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Laboratories (VDRL), U.S. Marine Hos- 
pital, Staten Island, for example, have been 
consistently superior to those from other 
clinics cooperating in the nationwide studies. 
When the data of different groups of in- 
vestigators are analyzed”! with respect to 


the patient population (Table 1), it becomes 
apparent that the results of penicillin 
therapy must be interpreted in considera- 
tion of several factors in addition to the 
treatment schedule employed. As one illus- 
tration, it can readily be demonstrated that 


TABLE I 
CLINIC POPULATIONS (RACE, SEX AND STAGE OF DISEASE DISTRIBUTIONS) IN TWO SERIES OF PATIENTS 
WITH EARLY SYPHILIS’ 


Venereal Disease Research Laboratories (728 Patients) 2° 


Male Female 


76.5% 20.0% 2.7% 0.8% 

Per Cent Per Cent 
66.7 Secondary............. 33.3 


WHITE MALE PRIMARY 
VS. 
COLORED FEMALE SECONDARY 


SCHEDULE 09—2.4 MILLION UNITS OF 
PENICILLIN IN 746 DAYS. INJECTIONS 


GIVEN Every 3 HOURS.) 
25+ 
20 


400 500 600 


100 200 300 
Fic. 3. Cumulative total failure rates following 
penicillin therapy. Comparison of Negro females 
with secondary syphilis and white males with 
primary syphilis.’ (The numbers along the ordi- 
nate represent cumulative failure rate; those along 
the abscissa represent days after treatment.) 


Central Statistical Unit (566 Patients)?! 


Male Female 


10.8% 14.7% | 14.3% | 4.3% | 10.0% | 7.9% | 30.6% 
18.2% 29.0% 14.3% 38.5% 
Per Cent Per Cent 
37.7 Secondary............. 62.3 


the treatment of white male patients with 
primary syphilis is far more satisfactory 
than is the treatment of negro female pa- 
tients with secondary syphilis. (Fig. 3.) 

5. The results of penicillin therapy are 
somewhat better than the available data 
indicate because of the considerable number 
of reinfections that have been included as 
treatment ‘“‘failures.”’ 

At the inception of the penicillin study, 
it was decided to include as treatment 
“failures” all patients with recurrent, in- 
fectious, mucocutaneous lesions. This de- 
cision was made in the knowledge that a 
certain number of reinfections would be 
included but it was dictated by the practical 
difficulties involved in the differentiation of 
reinfection from relapse. During the past 
few years more and more evidence has 
accumulated that reinfections are frequent 
following adequate therapy administered 
early in the course of an original infection 
with syphilis?? although there still is no 
unanimity of opinion as to precisely how 

AMERICAN JOURNAL OF MEDICINE 


| 
White | Negro White Negro White Negro White Negro 
Pri- Sec- Pri- Sec- Pri- Sec- Pri- Sec- Pri- Sec- Pri- Sec- Pri- Sec- Pri- Sec- 
mary | ondary! mary | ondary| mary | ondary; mary | ondary mary |ondary| mary | ondary| mary | ondary| mary | ondary 
53.7% | 22.8% | 11.4% | 8.6% | 1.2% | 1.5% | 3% | 5% 
| | | | 
2.90 
15 6 


Penicillin in Early Syphilis—Reynolds 


differentiation from relapse can be estab- 
lished indubitably.”* | 

Accepting the probability that the co- 
operative clinical data include as “‘failures’’ 
an unknown and perhaps not inconsiderable 
number of reinfections (which imply treat- 
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Fic. 4. Cumulative clinical failure rates following therapy 
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ton?’ indicates that even massive, intraven- 
ous penicillin therapy is entirely inadequate 
if given over short periods. 

The results of the cooperative studies indi- 
cate no significant improvement in the 
failure rates when the amount of aqueous 


Fico. 5. 


for secondary syphilis in males. Comparison of three 


schedules varying in total dosage of penicillin. (Syphilis Study Section data.) 

Fic. 5. Cumulative total failure rates following penicillin therapy for early syphilis (1.2 million units in seven and 
one-half days). Comparison of two schedules varying in time interval between injections. (Syphilis Study Section 
data.) (The numbers along the ordinate in both illustrations represent cumulative percentage failing; those along 


the abscissa represent the months following treatment.) 


ment success rather than failure), the 
results are to be interpreted as being more 
favorable than is indicated but in a propor- 
tion that thus far cannot be delineated. 


CAN THE THERAPEUTIC ACTIVITY 
OF PENICILLIN BE ENHANCED? 


In consideration of the fact that penicillin 
falls short of the ideal form of therapy largely 
on the basis of its limitations in therapeutic 
efficacy, it is pertinent to inquire whether 
and by what means the activity of penicillin 
can be enhanced. Several possibilities cur- 
rently exist: 

1. Alter the time-dose relationships of 
penicillin administration by giving suffici- 
ent penicillin to increase further blood and 
tissue concentrations. T. pallidum is an 
organism extremely susceptible to the action 
of penicillin.** Although the tissue concen- 
trations maximally effective for its destruc- 
tion in vivo have not been determined, it is 
probable that relatively low concentrations 
suffice provided they are available at the 
site of action for a sufficiently long period 
of time. The experience of Peters and Bar- 


AMERICAN JOURNAL OF MEDICINE 


penicillin per injection is increased from 
20,000 to 40,000 to 80,000 units. Moreover 
when the total amount of penicillin is in- 
creased from 2.4 to 4.8 or 9.6 millions of 
units, no striking decrease in the failure rate 
occurs. Schedules involving less than ? : 
million units have resulted in progressively 
higher percentages of failure. (Fig. 4.) 

The time intervals between injections of 
penicillin can also be altered. The only 
effect of shortening the interval between 
injections of penicillin is to increase serum 
and tissue concentrations of the drug or, in 
the event that injections are widely spaced, 
of shortening the interval during which in- 
adequate concentrations are present at the 
site of action. 

Were it essential that maximally effective 
penicillin concentrations be maintained 
constantly at the site of action, it would seem 
reasonable to expect better results with 
such absorption-delaying preparations as 
penicillin-oil-beeswax. Actually, it appears 
not to be essential that penicillin levels be 
maintained constantly, provided the “‘peni- 
cillin-free” interval is short enough to 
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prevent renewed multiplication of micro- 
organisms. 

There is no indication from the coopera- 
tive clinical data that injections of aqueous 
penicillin given every two hours are superior 
to comparable amounts of the drug ad- 
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Even were it possible significantly to 
increase the therapeutic effectiveness of 
penicillin by prolonging over a period of 
months the total duration of the course 
of antisyphilitic treatment, such a procedure 
inevitably would increase the difficulties in 


40 


0 2 4 6 8 10 


2 14 


Fic. 6. Cumulative total failure rates following penicillin therapy for 
early syphilis (2.4 million units, injections every three hours). Com- 
parison of three schedules varying in time interval between injections. 
(Syphilis Study Section data.) The numbers along the ordinate 
represent cumulative percentage failing; those along the abscissa 
represent the months following treatment.) 


ministered every three hours. Moreover, 
schedules involving injections at intervals 
of six hours have proved to be as effective 
as those calling for injections every three 
hours. (Fig. 5.) 

The total duration of penicillin therapy 
could be prolonged. Eagle?’ maintains that 
‘“‘the therapeutic activity of a given dosage 
of penicillin rests in large part, if not 
primarily, on the total length of time for 
which it remains at bactericidal levels, with 
particular emphasis on the time for which 
it is present at the maximally effective 
concentration, plus the time required for 
the organisms to recover from the drug and 
effectively resume multiplication.” 

Unfortunately, the cooperative clinical 
data are insufficient either to support or 
categorically to negate this contention since 
only a few patients have been treated with 
prolonged courses of therapy. Within the 
limited duration of therapy range of from 
four to seven and one-half to sixteen days, 
cumulative failure rates have been almost 
identical. (Fig. 6.) 


comitantly with penicillin, 


case-holding and make such schedules 
impracticable in mass application. 

2. Administer other spirocheticides con- 
e.g., metal 
chemotherapy. Following the laboratory 
demonstration of a synergistic action be- 
tween penicillin and arsenoxide*® and of a 
similar effect when penicillin and bismuth 
are used in combination,”® there were 
numerous attempts to formulate combined 
schedules that might be feasible for routine 
clinical practice. 

The results thus far suggest that although 
schedules utilizing penicillin and arsenicals 
and bismuth have given somewhat lower 
failure rates than those with penicillin alone 
(Table 1), the advantage gained is at the 
expense of increased risk to the patient. 
Whenever the schedule of therapy includes 
arsenoxide for use concomitantly with 
penicillin, the incidence of serious reactions 
is increased and occasional treatment death 
results, most often from hemorrhagic en- 
cephalitis. (Table 
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The Army** and the Navy*! both cur- 
rently advise against the use of metal 
chemotherapy as part of the first course of 
treatment and suggest that arsenoxide and 
bismuth be reserved for relapsing cases. 
The Veterans Administration has discarded 

Taste I 
COMPARISON OF PENICILLIN ALONE VERSUS PENICILLIN PLUS 
METAL CHEMOTHERAPY-——RESULTS OF THERAPY TWELVE 
TO FIFTEEN MONTHS FOLLOWING TREATMENT FOR 


SECONDARY SYPHILIS 
(RAPID TREATMENT CENTERS DATA) 


Schedule of Therapy 
Total 
Metal Cases | Cumu- 
Penicillin Chemotherapy | Ob- | lative 
served | Per Cent 
for Re- 
Arsen- 12 to 15| treated 
Amount Dura- Bismuth| Mo. 
Interval oxide 
(Million (Hr.) tion (Injec- (Injec- 
1.2 3 The 135 25.4 
1.2 6 7he 326 23.2 
1.2 3 4 148 22.4 
1.2 "3 74% x 462 | 16.9 
1.2 3 9 5 310 15.6 
1.2 ey 9 5 3 1237 14.5 


metal chemotherapy altogether and recom- 
mends a second course of penicillin for 
patients who have evidence of relapsing 
early syphilis.*? 

Eagle and Fleischman*** recently have 
demonstrated that although in itself baci- 
tracin is only moderately active in syphilis, 
this substance in combination with peni- 
cillin exerts a striking degree of synergistic 
effectiveness in terms of the amount of each 
drug required to effect cure of the experi- 
mental infection. In the hope that the com- 
bination may increase the percentage of 
patients cured with relatively innocuous and 
readily administered therapeutic agents, a 
preliminary clinical trial of these antibiotic 
substances has been organized. 


SUMMARY 


In penicillin there is added to the arma- 
mentarium of the syphilotherapist a drug 
of practically negligible toxicity which is 
becoming more and more convenient to 
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administer but which has certain limitations 
in therapeutic activity (at least as it has thus 
far been employed). The outlook for 
practical methods to enhance the efficacy 
of penicillin by altering the time-dose rela- 
tionships of its administration or by the 
TABLE 
SEVERE REACTIONS AND DEATHS REPORTED BY THIRTY-SIX 


RAPID TREATMENT CENTERS FROM JULY 1946 
THROUGH NOVEMBER 1947 


Severe | Treatment 
Total Reactions 
Type of Treatment Best 
Rate Rate 
Treated 
No.| per |No.| per 
1,000 1,000 
Penicillin alone... .. 240} 5.1 0;0 
Penicillin with arsen- 


concomitant use of other spirocheticidal 


substances is discussed. 
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Penicillin Treatment of Early Syphilis’ 


Evan W. THOMAS, M.D. 
New York, New York 


URING the past five years a great 
many facts have been collected 
about the treatment of early syphi- 

lis with penicillin but we have not yet 
learned with certainty the optimum sched- 
ules of therapy. Most of the data now avail- 
able were compiled during the late war and 
the first two years after the war when the 
reservoir of infectious syphilis was at its 
peak. The high incidence of early syphilis 
during these years afforded a great mass of 
material for study but the evaluation of the 
results of therapy was greatly handicapped 
by an undetermined percentage of reinfec- 
tions which are more prone to occur when 
the reservoir of infectious syphilis is high 
than when it is low. Of even more conse- 
quence, clinical research in the treatment 
of syphilis with penicillin has been unable 
to keep pace with the changes that have 


occurred in penicillin preparations. Obvi-. 


ously the time-dose relationship of peni- 
cillin treatment schedules is dependent on 
the rate of absorption of the penicillin 
preparations used. 

The data on the results of the treatment 
of early syphilis with penicillin now avail- 
able are limited to the use of aqueous solu- 
tions and penicillin in oil and beeswax 
(POB). As is well known, aqueous solutions 
of penicillin are rapidly absorbed and 
rapidly excreted. Injections of 20,000 to 
50,000 units of penicillin in water or saline 
must be given every two to four hours to 
obtain fairly continuous blood concentra- 
tions of the antibiotic, and injections of 
300,000 to 600,000 units of POB must be 
given daily to obtain continuous blood 
concentrations. 


* From the 


SIGNIFICANCE OF BLOOD CONCENTRATIONS 
OF PENICILLIN 


The determination of blood concentra- 
tions of penicillin has little significance in 
the treatment of syphilis but it has great 
value in informing us of the rate at which 
penicillin is absorbed. High peaks of peni- 
cillin in the blood are apparently no more 
effective in destroying the Treponema 
pallidum than very low blood concentra- 
tions. As a matter of fact many cases of 
early syphilis have been cured with doses 
of penicillin that gave little or no demon- 
strable blood concentrations. The duration 
of penicillin treatment of syphilis is even 
more important than the dosage. The rate 
at which penicillin preparations are ab- 
sorbed determines the frequency with which 
individual injections must be given. Eagle 
and his co-workers' proved that early 
syphilis in rabbits can be cured in a single 
day by giving about 200 times the total dose 
of penicillin in aqueous solution that is 
required to cure rabbits in four days. But 
the important factor in this observation is 
the prolonged action of such large doses 
rather than the high concentration of peni- 
cillin in the blood. From the information 
we now have, penicillin must be active 
within the body for two to four days to cure 
many cases of early syphilis and the optzmum 
period of treatment seems to be at least fifteen 
days. 


VALUE OF SLOWLY ABSORBED 
PREPARATIONS 


The best results of penicillin therapy of 
early syphilis so far have been obtained 
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with from 300,000 to 600,000 units of POB 
injected daily over a fifteen-day period. 
Following a single injection of 300,000 units 
of POB blood concentrations of penicillin 
have been found for twenty to thirty hours. 
Preparations of penicillin that are absorbed 
slowly for forty-eight or more hours after a 
single injection need not be given daily. 
Within the past year it has been found that 
the addition of aluminum monostearate (a 
water repellent substance) to mixtures of 
insoluble salts of penicillin and oil greatly 
delays the absorption of the penicillin. A 
single injection of 300,000 units of procaine 
penicillin G in oil gelled with 2 per cent 
aluminum monostearate has given demon- 
strable blood concentrations of penicillin 
for at least four days in over 90 per cent of 
several hundred cases.’ Single injections of 
1.2 million to 2.4 million units of this prepa- 
ration have given demonstrable blood levels 
of penicillin for at least five days and in 
some cases for seven days. Thus, the way is 
now open for greatly modified schedules of 
treatment for early syphilis. A single treat- 
ment with 2.4 million units of procaine 
penicillin G in oil and 2 per cent aluminum 
monostearate should be equivalent to in- 
jections of 50,000 units in aqueous solution 
every three hours for five or six days. An 
injection of 1.2 to 2 million units of procaine 
penicillin in oil and aluminum monostearate 
at weekly intervals for only two weeks 
should be equivalent to daily injections of 
300,000 units of POB for fifteen days. 
Therefore, it may well be that early syphilis 
can now be cured with no more than one 
injection of slowly absorbed penicillin or 
at most with one injection a week for two 
weeks. 

In view of such developments the data 
on past schedules of penicillin therapy of 
early syphilis are of value chiefly as a back- 
ground for determining the optimum total 
dosage of penicillin and the optimum time 
of treatment. 


DATA NOW AVAILABLE 


Extensive and carefully controlled studies 
of a variety of penicillin treatment schedules 
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for early syphilis have been conducted 
during the past five years under the direc- 
tion of a Subcommittee for Venereal 
Diseases originally sponsored by the National 
Research Council and later by the National 
Institute of Health. In addition, much in- 
formation has been compiled by the Ven- 
ereal Disease Division of the United States 
Public Health Service. Data are still in the 
process of being collected and evaluated by 
these agencies. The evaluation of anti- 
syphilitic therapy is a slow process and it is 
still impossible to state with certainty the 
optimum time during which early syphilis 
should be treated. At present the greatest 
amount of information has been compiled 
for treatment schedules of four to eight days. 
More recent experience with fifteen-day 
schedules of treatment indicates that the 
longer period of therapy has given better 
results but further time must elapse before 
definite statements can be made to this 
effect. 


TREATMENT OF EARLY SYPHILIS 
WITH AQUEOUS SOLUTIONS OF 
PENICILLIN 


The use of aqueous solutions of penicillin 
for the treatment of early syphilis requires 
hospitalizing the patient. As a result most 
of the treatment schedules with this prepa- 
ration have been confined to a period of 
from four to seven and one-half days. A 
variety of time-dose relationships has been 
studied and penicillin has been used in 
association with arsenical drugs and bis- 
muth. The total dose .of penicillin has 
varied from 600,000 to 5,000,000 units and 
the interval between individual injections 
has varied from two to six hours. 

At Bellevue Hospital we have treated 
large series of patients with early syphilis 
using eight different schedules of therapy 
with aqueous solutions of penicillin alone 
or penicillin combined with arsenicals. 
Elaborate tables showing the cumulative 
failure rates with each schedule of therapy 
for the various stages of early syphilis, in- 
cluding relapses and reinfections, have been 
prepared but they are not included in this 
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report because of the limitation of space 
and the fact that they, as well as reports 
from the Central Statistical Unit and the 
United States Public Health Service, can 
be briefly summarized satisfactorily without 
going into great detail. 

From the data now available the follow- 
ing conclusions regarding the rapid treat- 
ment of early syphilis with aqueous solutions 
of penicillin and other antisyphilitic agents 
can be made: 

1. When individual injections of aqueous 
solutions of sodium penicillin were given 
every two to four hours for a period of seven 
and one-half days, a total dose of 2.4 million 
units gave as good results as when 5 million 
units were given in the same period. 

2. When eight daily injections of 0.04 
Gm. arsenoxide were combined with 1.2 
to 2.4 million units of penicillin, the results 
were not significantly better than when 
2.4 million units of penicillin were given 
alone in seven and one-half days. 

3. The addition of bismuth to penicillin 
therapy has not significantly affected the 
results, provided at least 2.4 million units 
of penicillin were given in seven and one- 
half days with individual injections every 
two to four hours. 

4. Induced fever in addition to penicillin 
has not significantly improved the cumula- 
tive “failure’”’ rates when at least 2.4 million 
units of penicillin were given over a period 
of seven and one-half days. 

5. When at least 2.4 million units of 
penicillin in aqueous solution were given 
in seven and one-half days with individual 
injections every two to four hours, the 
cumulative “‘failure’’ rate of patients treated 
for early syphilis and followed up for more 
than one year has been about 20 per cent. 

6. Data regarding therapy given over a 
period of only four days are less adequate 
than those on the results of seven and one- 
half days of treatment, but such statistics 
as are available suggest that the cumulative 
“failure” rates for 2.4 million units of 
aqueous solutions of penicillin given in four 
and seven and one-half days, respectively, 
are not significantly different. 
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From the foregoing summary it is evident 
that the optimum total dosage of penicillin 
in aqueous solution in doses up to 5 million 
units, with individual injections every two 
to four hours for four to seven and one-half 
days, is 2.4 million units. A “failure” rate 
of 20 per cent is far from satisfactory but, 
as will be shown later, the results of this 
treatment were probably more satisfactory 
than the statistics indicate. The most satis- 
factory results with the use of aqueous solu- 
tions of penicillin for the treatment of early 
syphilis have been reported by Arnold, 
Mahoney, Cutler and Levitan’ who treated 
728 patients with early syphilis with 40,000 
units of penicillin every two hours for 
eighty-five injections. They reported a 
cumulative failure rate of only 6.65 per cent. 
The majority of their patients were white 
males who had primary syphilis. The 
marked discrepancy between their results 


‘and those of other clinics may well be due in 


part to a lower incidence of reinfections 
among their patients. The problem of dif- 
ferentiating between reinfections and re- 
lapses will be discussed later in this article. 


TREATMENT OF EARLY SYPHILIS WITH POB 


The use of POB in the treatment of 
syphilis does not require the hospitalization 
of patients; injections of POB need not be 
given oftener than once a day. Nevertheless 
most of the data now available on the 
treatment of early syphilis with POB are 
on patients treated for eight days while in 
the hospital. The cumulative “‘failure”’ rate 
for treatment of early syphilis with 600,000 
units of POB daily for eight days has been 
much the same as that for 2.4 million units 
of penicillin in aqueous solution for seven 
and one-half days, viz., 20 per cent. At 
Bellevue Hospital the results of therapy 
were the same whether injections of 300,000 
units were given twice a day for eight days 
or 600,000 units were given daily for eight 
days. Heller and co-authors‘ in their most 
recent progress report of the treatment of 
early syphilis in Rapid Treatment Centers 
stated that the best results were obtained 
with two daily injections of 300,000 units of 


6go 
POB for eight days, and with arsenoxide 
given in conjunction with aqueous solutions 
of penicillin; but they do not claim that 
the results of treatment with these schedules 
are significantly different from those ob- 
tained with 2.4 million units of penicillin 
in aqueous solutions in seven and one-half 
days or with single injections of 600,000 
units of POB daily for eight davs. 

At Bellevue Hospital in October, 1947, 
we began to treat early syphilis with 600,000 
units of POB daily for fifteen days. Of 
132 patients followed up for four to nine 
months, only two have had to be retreated 
and both were probably reinfections. Al- 
though the period of follow-up is too short 
for evaluating this treatment, the results 
obtained so far are the best we have had 
with any schedule of rapid treatment for 
early syphilis for a similar period of follow- 
up. Chargin, Sobel, Rein and Rosenthal,® 
of the New York City Department of 
Health, have recently reported on the 
treatment of 153 cases of early syphilis 
treated with 300,000 units of POB daily for 
sixteen days. Relapses or reinfections were 
noted in only about 5 per cent of the 
patients followed up for a period of six to 
ten months. Such results are superior to 
those obtained with eight-day schedules of 
treatment but it must be recognized that 
the data on fifteen- or sixteen-day schedules 
of therapy are much less complete than 
those on shorter periods of treatment and 
the two periods of treatment cannot yet be 
compared satisfactorily. Also, the fact 
that the incidence of early syphilis has 
steadily decreased in the past year makes 
comparisons of more recent schedules of 
treatment with those of former years difh- 
cult because the chance of reinfection is 
lowered by the decrease in the reservoir of 
infectious syphilis. 


THE PROBLEM OF RELAPSE VERSUS 
REINFECTION 


The evaluation of rapid treatment of 
early syphilis would be much more exact 
if it were possible to differentiate between 
relapses and reinfections in all cases. The 
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only convincing evidence of reinfection 
following rapid treatment of early syphilis 
is the development of a new chancre at a 
different site from the original one. Un- 
fortunately, however, reinfections can un- 
doubtedly occur without the development 
of a chancre. Less than 50 per cent of 
women who acquire a first syphilitic infec- 
tion have chancres which are observed by 
them or the examining physician. Further- 
more, a certain degree of “immunity” to 
the formation of a chancre is probably 
acquired by patients who were far advanced 
in the secondary stage of the disease when 
treatment was started. Consequently, many 
males as well as females may be reinfected 
following rapid treatment of secondary 
syphilis without developing a chancre but 
with the appearance of secondary lesions. 
It is even probable that some cases of 
serologic relapse, with no observed lesions, 
are actually reinfections. The histories of 
exposure to known cases of infectious 
syphilis suggest that serologic relapse may 
be due to reinfection in the case of some 
patients observed at Bellevue Hospital. 

A review of all of the relapses or reinfec- 
tions that have occurred among the patients 
originally treated with from 2.4 to 4.8 mil- 
lion units of penicillin in eight days at 
Bellevue Hospital convinces me that 40 per 
cent and possibly over 50 per cent were 
reinfections. Therefore, in my opinion, the 
results of eight-day schedules of therapy 
for both primary and secondary syphilis 
were actually better than the statistics 
indicate. 


ADVANTAGES OF SHORT PERIODS 
OF THERAPY 

Experience has proved that it is impossi- 
ble to treat large numbers of clinic patients 
for early syphilis on an ambulatory basis 
when the patients have to report for daily 
injections for more than one week. Unless 
evening clinics are available, reporting for 
treatment means the loss of at least several 
hours of work. This fact together with the 
unreliability of many patients make ambu- 
latory treatment with daily injections for 
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two weeks impractical as a clinic procedure. 
If we still had to rely on POB, seven or 
eight days of treatment would be preferable 
to fifteen days in most clinics. 

Now that procaine penicillin G in oil 
and 2 per cent aluminum monostearate is 
available, more prolonged schedules of 
therapy: are possible for all clinics as well 
as for private patients. As previously noted, 
two injections of 1.2 million units of this 
preparation, with each injection a week 
apart, should give much the same results 
as daily injections of 300,000 units of POB 
for fifteen days. Other possible schedules of 
therapy would be 600,000 units of procaine 
penicillin G in oil and aluminum mono- 
stearate twice a week for two or three weeks. 
The advantages of such therapy are obvious 
and the availability of slowly absorbed peni- 
cillin should prove a tremendous saving of 
time and money in the treatment of 
syphilis. If it should be found that a single 
treatment with 2.4 to 3 million units of 
procaine penicillin in oil and aluminum 
monostearate gave satisfactory results in 85 
to 90 per cent of cases, the public health 
problem of treating early syphilis would 
be enormously aided. Treatment trucks 
could be sent into areas where syphilis is 
prevalent and patients who would not or 
could not report to clinics could be treated 
with relative ease. At present, however, the 
available data favor a period of treatment 
prolonged for at least fifteen days which 
would require injections of 1.2 to 2 million 
units of procaine penicillin G in oil and 
aluminum monostearate once a week for 
two injections. If the new preparations of 
penicillin in oil and aluminum mono- 
stearate are not used, the treatment of 
choice for early syphilis now seems to be 
fifteen daily injections of at least 300,000 
units of POB or procaine penicillin in oil 
without aluminum monostearate. 


TREATMENT OF RELAPSING EARLY SYPHILIS 

At Bellevue Hospital the cumulative 
“failure” rates of patients treated with at 
least 2.4 million units of penicillin in eight 
days because of relapse or reinfection have 
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been similar to those of patients treated 
with the same amount of penicillin for 
original infections. It is true, however, that 
some patients fall into the category de- 
scribed by Stokes as “chronic relapsers”’ 
and they require more prolonged therapy 
than others. Unfortunately, it is impossible 
to determine in advance which patients are 
most likely to relapse. We have re-treated a 
number of patients at Bellevue Hospital 
two or three times for repeated relapses. 
In no case, however, did we find such 
patients resistant to penicillin. Satisfactory 
results were finally obtained in all of the 
patients who remained under observation 
by re-treating them with penicillin alone. 
Those who relapsed a second time were 
usually re-treated with 9 million units of 
penicillin in fifteen days. The safest rule 
to follow is to re-treat all relapses in not less 
than fifteen days with no less than a total 
dose of 6 million units of penicillin. I see no 
advantage in combining penicillin therapy 
with arsenicals or bismuth except in ex- 
ceptional cases that may prove to be 
resistant to penicillin. We have no evidence 
from our data at Bellevue Hospital that 
the addition of eight daily injections of 
0.04 Gm. arsenoxide appreciably enhanced 
treatment with penicillin alone. 


FOLLOW-UP OF PATIENTS TREATED 
FOR EARLY SYPHILIS 


Patients should be observed at no less 
than monthly intervals for one year follow- 
ing rapid treatment of early syphilis and 
at least every second month during the 
second year after treatment. Of the proba- 
ble relapses observed at Bellevue Hospital, 
over 80 per cent occurred between the 
third and twelfth months after treatment. 
Quantitative serologic tests for syphilis are 
essential in the follow-up of patients. 
Serologic relapses can occur before or after 
the tests have become negative. Of suc- 
cessfully treated patients about 75 per cent 
became seronegative within six months 
after treatment. The additional 25 per 
cent had low quantitative tests (less than 
16 Kahn units) for varying periods beyond 
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six months after treatment. In some cases 
very low titers were found for two years or 
more after therapy. Provided the titers 
remained low, retreatment of such pa- 
tients did not hasten the rate at which the 
tests became negative. Consequently, re- 
treatment of patients with low reagin titers 
six or more months after rapid treatment 
for early syphilis is not advised. 


SUMMARY 


1. In an eight-day period of therapy for 
early syphilis a total dose of 2.4 million 
units has given as good results as 5 million 
units. 

2. When aqueous solutions of penicillin 
are used, individual injections should be 
given every two to four hours. 

3. When POB is used, daily injections of 
300,000 to 600,000 units are advised for 
fifteen days although an occasional day can 
be skipped and the period of treatment 
prolonged accordingly. 

4. The cumulative ‘failure’? rates for 
eight-day schedules of therapy with at least 
2.4 million units of penicillin have been 
about 20 per cent. Many of the so-called 
failures were probably due to reinfections. 

5. Data on fifteen-day schedules of ther- 
apy are less adequate than on eight-day 
schedules but the former period of treatment 
seems to have given better results than the 
latter. 

6. A new slowly absorbed preparation 
of penicillin (procaine penicillin G in oil 
gelled with 2 per cent aluminum mono- 
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stearate) promises to simplify the treatment 
of early syphilis. It now seems probable 
that an injection of 1.2 million units of this 
preparation once a week for two weeks, or 
better, two injections of 600,000 unitst wice 
a week for three weeks will give the same 
penicillin action as daily injections of 
300,000 units of POB for fifteen days. 

7. Patients given rapid treatment of 
early syphilis must be observed at frequent 
intervals for at least two years with quanti- 
tative serologic tests for syphilis. About 
75 per cent of successfully treated patients 
become seronegative within six months 
after treatment. The other 25 per cent 
may have low reagin titers for varying 
periods after six months but they do not 
require retreatment unless the titers show 
evidence of relapse or reinfection. 
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Prevention and Treatment of Prenatal 
Syphilis’ 


NorMAN R. INGRAHAM, JR., M.D. 


N appraisal of the value of penicillin ning of treatment that miscarriage resulted 
A in syphilis and pregnancy is of during or shortly after therapy and (2) the 
especial interest because in this mother failed to respond to penicillin 


situation definitive results can be obtained 
in a relatively short period of observation, 
whereas the proper evaluation of the ef- 
fectiveness of this antibiotic in other aspects 
of the disease may require a number of 
years. 


SYPHILIS AND PREGNANCY 


The studies to date show as conclusively 
as limited numbers of observed patients 
can show that the antepartum treatment 
of the woman with symptomatic early 
syphilis is almost 100 per cent effective in 
the prevention of congenital syphilis.'~* 
The syphilitic pregnancies in the combined 
reports of Goodwin and Moore,* Cole et 
al.,’ Frazier,* Olansky and Beck,® Yampol- 
sky,'® Ingraham et al.,'' Aron et al.'? and 
Thomas" aggregating 609, treated with 
various types of penicillin and several dif- 
ferent dosage schedules, resulted in twelve 
living syphilitic infants or 2 per cent failure. 
Some of the late miscarriages and neonatal 
deaths which occurred in these series were 
also undoubtedly due to syphilis but this is 
harder to evaluate. In groups in which this 
type of failure was studied the occurrence 
of late miscarriage or neonatal death among 
the syphilitic was found to be less than the 
expectancy for the non-syphilitic pregnant 
woman.® Treatment failures have for the 
most part been one of two types: (1) the 
fetus was so grossly diseased at the begin- 


treatment for her syphilis and at times ex- 
hibited infectious relapse at or near term. 
The first type of failure must usually be 
attributed to faulty antepartum care rather 
than to ineffectiveness of specific treatment. 
The second type of failure can usually be 
anticipated by adequate prenatal observa- 
tion of the mother and by retreatment when 
the recurrence occurs or in the eighth 
month of the pregnancy. 

It has been a matter for some comment? ’ 
that small amounts of the antibiotic, 
grossly insufficient to cure the maternal 
syphilis have nonetheless resulted in the 
birth of a normal infant. It may be that 
this is merely another indication that 
syphilis in the incubation period is more 
amenable to treatment than after it be- 
comes more firmly established. One of the 
great advantages of penicillin is its ability 
to permeate the placenta readily from the 
maternal to the fetal circulation in what 
are apparently therapeutically effective 
amounts in the latter months of pregnancy." 
The fetus may be treated and in some 
instances cured in utero. 

When aqueous penicillin is used, there 
is general agreement that the maximum 
therapeutic effectiveness in preventing con- 
genital syphilis is reached by total dosage 
of about 2.4 million units.?* This 
dosage given in amounts of 40,000 units 
every three hours for a total of sixty intra- 


* From the Institute for the Study of Venereal Disease and the Department of Dermatology and Syphilology, 
School of Medicine and Graduate School of Medicine, University of Pennsylvania; Division Dermato-Syphilology 
Department of Medicine, Philadelphia General Hospital; Division of Venereal Disease Control, Department of Public 
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muscular injections in eight days has given 
a failure rate for the infant of considerably 
less than 1 per cent. There is some question, 
on the other hand, that 2.4 million units 
of penicillin is the optimal dosage for best 
results in early syphilis in the adult. For 
this reason and since the cure rate in the 
pregnant woman is not appreciably better 
than in the non-pregnant woman or for 
men, the standard penicillin course used 
for early syphilis in the adult should be 
employed. Thomas*''* recommends a total 
dosage of 4.0 million units for the pregnant 
woman with syphilis given in amounts of 
40,000 units every three hours for one 
hundred injections. There is general agree- 
ment that arsenic and bismuth add nothing 
to penicillin therapy during the pregnancy 
and that they should not be used. Scolten'’ 
has brought this out in an interesting man- 
ner by publishing the independent opinions 
from three national authorities on the best 
treatment for early syphilis in the eighth 
month of pregnancy. Although there are 
_minor differences in detail of treatment or 
in the amount of penicillin to be used, none 
of these authorities advocates the use of 
arsenic or bismuth. 

Some discussion has centered about the 
abortifacient effect of penicillin and the 
possibility of placental shock. Early papers! 
recommended reduction of initial penicillin 
dosage for the pregnant woman to avoid 
the possibility of miscarriage or premature 
labor. There was also some _ evidence 
brought forward to suggest that impurities 
in the original penicillin mixtures may 
have had some effect on the menstrual and 
other sex cycle functions.'® More recent 
experience with purer grades of penicillin 
have indicated that these fears are needless 
and that penicillin may be given to the 
syphilitic pregnant woman in full dosage 
from the start.*'*!* Miscarriages or still- 
births which occur when such a course is 
pursued usually result from disease of the 
placenta or fetus so advanced to start with 
that there can be no hope of treatment 
correcting the situation. 

There are several unanswered or only 
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partially answered problems in the peni- 
cillin therapy of the syphilitic pregnant 
woman. Among these are:. 

Ambulatory Treatment of the Pregnant Woman 
with Syphilis. With the exception of one 
study'! all published reports in this field 
deal with the use of aqueous penicillin in 
symptomatic early syphilis. These pro- 
cedures require such close supervision that 
hospitalization becomes a necessity. The 
initial report by Ingraham and the Uni- 
versity of Pennsylvania group, moreover, 
suggested that twenty-four hour blood and 
tissue levels of penicillin when the oil bees- 
wax preparations were used were too erratic 
to insure treatment in utero of the already 
infected fetus. They recommended that 
penicillin in oil wax not be used in the latter 
months of the syphilitic pregnancy when 
danger of infection of the fetus is greatest. 
At the time these initial studies were done 
there was no control of particle size of the 
penicillin salt and most of the methods of 
improving and standardizing the mixtures 
of the delayed action penicillins were in the 
experimental stage. As this study has pro- 
gressed better delayed absorption penicillin 
preparations have become available and 
have been used. As a result, among the 
adequately followed fifty-seven syphilitic 
pregnancies treated with delayed absorp- 
tion penicillin preparations since the above 
report was made not a single syphilitic 
infant has resulted. The failure rate in 
terms of living syphilitic infants accordingly 
stands at 1 per cent and is as good as with 
other forms of penicillin therapy. The usual 
dosage employed has been 600,000 units of 
penicillin intramuscularly daily for eight 
days or a total of 4.8 million units. Ambula- 
tory treatment of the pregnant syphilitic 
woman apparently is in sight with the 
development of satisfactory preparations 
which may be given once daily or even 
less frequently. 

When to Treat or Re-treat the Seropositive 
Woman with Latent or Late Syphilis. Almost 
all of the studies of penicillin action to date 
have dealt with pregnant women with 
recently acquired syphilis usually in the 
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symptomatic early stage. With these, the 
indications for treatment and for retreat- 
ment have been more or less clear cut and 
have been worked out reasonably well. 
Treatment is given as soon as the diagnosis 
is established. A single course of penicillin 
alone is usually effective at any time in the 
pregnancy. The woman is followed monthly 
by physical inspection for relapsing lesions 
and by quantitative titered blood serologic 
tests for syphilis to be certain that the re- 
sponse is normal. The woman is retreated if 
infectious lesions redevelop and if the blood 
serologic test after an initial decrease in 
titer commences again to increase. It is also 
considered advisable to retreat in the eighth 
month of the pregnancy if a high sustained 
titer is maintained, but if the titer is falling 
this is unnecessary. Since the period of 
observation during pregnancy is short, from 
two-thirds to three-fourths of women who 
are responding normally will not have be- 
come seronegative by the time of delivery. 
Almost one-half of the normal (non- 
syphilitic) infants will consequently likewise 
be seropositive at birth. 

With latent or late syphilis the criteria 
used for early syphilis in pregnancy are not 
applicable. Yet, upward of 80 per cent of 
the pregnant syphilitic women applying 
for medical care fall in this category. Since 
no open sores are present the healing of the 
eruption or the recurrence of lesions cannot 
be taken as criteria for retreatment. It is 
likewise customary in latent and late 
syphilis for the serologic response, if it 
occurs at all, to be slow and incomplete. 
If we retreated the pregnant woman with 
latent syphilis because of failure of serologic 
response we would retreat the majority of 
cases. 

_ In actuality the answer to this question 

is not as yet available in medical literature 
except by inference. For the last three years 
at the Philadelphia General Hospital we 
have met this problem by giving the preg- 
nant woman with latent or late syphilis a 
standard amount of treatment as for early 
infectious syphilis, regardless of the month 
of pregnancy and have not retreated them 
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for failure of serologic response before term, 
which is the usual circumstance. The treat- 
ment has consisted in 40,000 units of aque- 
ous sodium penicillin every three hours for 
sixty injections for a total of 2.4 million 
units. Thus far 217 such women have come 
to term and the infants have been followed 
for at least six months. Two living syphilitic 
infants have resulted and one macerated 
stillborn fetus which was probably syphilitic. 
There were nine additional late miscar- 
riages or neonatal deaths which could not 
be attributed to syphilis, not an abnormally 
high occurrence for the group concerned. 
Penicillin therapy of this group of women 
with latent or late syphilis has given results 
equal to the best that has been obtained 
with comparable material with symptomatic 
early syphilis. It seems safe to assume that 
empirically administered penicillin therapy 
as for early syphilis is also effective in latent 
and late syphilis complicated by pregnancy. 

Retreatment of the Syphilitic Pregnant Woman 
in Subsequent Pregnancies Following Penicillin 
Therapy. ‘The question again of retreating 
the pregnant woman for syphilis following 
penicillin is perhaps easier to answer for the 
expectant mother who was treated for a 
recently acquired infection than for the 
woman who has been treated prior to her 
pregnancy for a disease of long-standing. 
This is also a crucial problem in the overall 
picture of penicillin therapy of syphilis be- 
cause pregnancy is a test of cure par excel- 
lence for the syphilitic woman. Since the 
report by Beerman and Ingraham in 1945” 
of the birth of a normal infant without 
retreatment during pregnancy in a woman 
who had received penicillin for secondary 
syphilis in December, 1943, the only statis- 
tical compilation in the literature is from 
the Bellevue Hospital Group in New York 
City. In the 1947 report of Speiser et al.* 
there was one infant with congenital 
syphilis among eighty-six pregnancies in 
women treated for syphilis with penicillin 
prior to pregnancy but not during preg- 
nancy. Thomas’s 1948 report’ brings this 
series to 191 women with two syphilitic 
infants. The University of Pennsylvania 
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group have in process of publication a 
paper*' on this subject in which fifty-two 
women so handled gave birth to no syphili- 
tic infants. This series has now been in- 
creased to eighty-eight still with no syphilitic 
infants appearing. Among the published 
cases and those known to the author there 
accordingly have been only two failures 
among 279 women in whom retreatment 
has been withheld. 

For early syphilis the criteria for with- 
holding treatment in subsequent pregnan- 
cies following penicillin therapy have been 
pretty well defined and are more or less 
clear cut. If the woman is seronegative or 
is responding normally as a result of her 
previous therapy, treatment is withheld. 
If she has relapsed clinically or serologically 
or if the blood serologic reagin titer for 
syphilis remains high, she is a candidate 
for retreatment. This does not answer the 
major problem, however, which is what 
to do about retreatment when the woman 
has been treated prior to her pregnancy 
for latent or late syphilis and has failed to 
respond serologically. In an effort to throw 
some light on this question we have recently 
withheld treatment at the Philadelphia 
General Hospital in all pregnant women 
who received what was considered to be 
an adequate standard course of penicillin 
(total dose of 2.4 million units or more) for 
latent or late syphilis prior to conception. 
Thus far forty-one of these women have 
come to term, 48 per cent seropositive at 
the time of delivery and no syphilitic infant 
has resulted. 

It is too soon to advise withholding treat- 
ment during subsequent pregnancies in the 
woman who has had syphilis. If there is 
any reasonable doubt that the expectant 
mother’s infection may be active, it is still 
better to play safe and treat. Penicillin 
therapy of the pregnant woman offers great 
hope for the infant with almost no risk for 
either mother or child. Yet, evidence is 
rapidly accumulating that the cure of the 
syphilitic woman with penicillin may be so 
complete that treatment in subsequent 
pregnancies will be unnecessary. There 
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remains the task of establishing safe criteria 
for withholding treatment using analyses 
of large series of women who have been 
adequately studied. 


INFANTILE CONGENITAL SYPHILIS 


The time to treat congenital syphilis is 
prenatally. The previous section has indi- 
cated that this may be accomplished almost 
to perfection either by preventing infection 
of the fetus or by treating the already 
diseased fetus in utero. With penicillin 
therapy as at present available only an 
occasional case of syphilis in an infant 
should occur as, when through some chance 
the disease is not diagnosed or adequately 
treated in the mother or in the rare case in 
which antepartum therapy fails to control 
the maternal spirochetemia. A few cases of 
infantile syphilis will still be in need of 
detection and treatment. 

The offspring of syphilitic parents should 
be followed for about six months to rule 
out satisfactorily the possibility of con- 
genital infection. The follow-up should 
consist of a blood serologic test and physical 
examination once monthly. A roentgeno- 
gram at four to six weeks is also of value. 
If the blood serologic test is positive and the 
circumstances of the case make infection 
probable, more frequent examination is 
desirable. In actual practice we have not 
found syphilitic infants in whom the diag- 
nosis could not be established by the age 
of three to four months and it is usually 
possible much earlier even in the nursery. 
A normal appearing seronegative infant at 
six months accordingly may be considered 
to have escaped infection. 

It has been difficult on a national basis 
to collect a sufficiently large number of 
infants with congenital syphilis to evaluate 
therapy adequately with penicillin. Most 
reports are of single cases or a few cases and 
will not lend themselves to detailed statisti- 
cal analysis. All workers who have used 
penicillin either alone or in combination 
with other drugs in infantile syphilis are in 
accord that it is effective in controlling the 
disease, and those who have had the greatest 
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experience believe that penicillin alone is 
more valuable than previously employed 
remedies. The first reported cases of infantile 
congenital syphilis treated with penicillin 
are those of Moore et al.** reporting for the 
National Research Council Subcommittee 
on Venereal Disease. This was followed 
by a number of reports from individuals or 
groups.'':5 23-34 The cases of some of these 
were subsequently 
collected in the reports of Platou et 
so that the number of evaluated cases of 
penicillin-treated infantile congenital syphi- 
lis in the literature appears larger than it 
actually is. When these duplications are set 
aside, there are in the last analysis approxi- 
mately 350 reported cases from which the 
following conclusions may be drawn as to 
the value of penicillin therapy in syphilitic 
infants. Two hundred fifty-two of these 
cases are those reported by Platou and his 
collaborators. 

Within certain limitations the outcome 
of penicillin therapy in the infant depends 
more upon age and physical status at the 
commencement of therapy than it does 
upon dosage. Infants with congenital syphi- 
lis may be born prematurely, may be 
markedly debilitated and are easily sus- 
ceptible to intercurrent infection. Such in- 
fants require hospitalization and expert 
supportive pediatric care in addition to 
penicillin. Even then, the mortality rate 
in the first three or four months of life is of 
the order of 10 to 12 per cent.*?5*6 It was at 
first thought! that the high infantile mor- 
tality rate might result from therapeutic 
shock incident upon the institution of 
penicillin therapy. Subsequent observation 
seems to indicate, however, that reduction 
in initial penicillin dosage is unnecessary 
and when intercurrent infection is present 
may actually be unwise.?’:*%*6 Severe febrile 
Herxheimer reactions do occur nonetheless 
in as high as from 30 to 40 per cent of the 
infants with active syphilis. 

Our own experience has indicated that 
two to three years post-treatment observa- 
tion is necessary to obtain the ultimate 
results of treatment. For this reason most 
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of the published reports in all of which the 
medical follow-up is for considerably shorter 
periods tend to be inconclusive and have to 
bridge this deficiency by such statements 
as ‘‘as time passes, the number of cases with 
unsatisfactory or uncertain results dimin- 
ishes, while there is a proportionate increase 
in that of symptomatic and serologic cures. 
Changes to seronegativity are not unusual 
a year or more after the completion of 
treatment, though most babies become sero- 
negative between four and twelve months 
following therapy.”*’ In the University of 
Pennsylvania series of fifty surviving infants 
followed for an average of two years after 
completion of penicillin therapy given be- 
fore the age of four months 100 per cent are 
clinically and serologically normal. Only 
29 per cent were seronegative in the same 
period when treatment was delayed until 
from six months to two years. Most other 
workers!®**!33 have remarked upon the 
ready response of the young infant to 
treatment. Neilson and Hanchett in a 
recent report of the St. Louis experience*® 
found that 100 per cent of their surviving 
infants treated before the age of six months 
were cured; 54 per cent of treatment is 
given between six months and one year, 
26 per cent of treatment is delayed to the 
second year and 17 per cent in older 
children. Barker** quotes Moon-Adam’s 
experience as indicating 97 per cent cures 
in surviving infants treated before the age 
of three months and about 50 per cent in 
infants treated from six months to two 
years. 

Dosage generally used in the treatment 
of reported cases of infantile congenital 
syphilis has varied from 18,000 units to 
98,000 units per pound of body weight. 
This is usually given intramuscularly in 
aqueous solution over a period of fifteen 
days in 120 injections three hours apart. 
As a few failures have resulted with smaller 
doses of the antibiotic there has been a 
natural tendency to increase the size of the 
individual dose of the total dose and of the 
duration of treatment. At least one authority 
recommends total dosage as high as 400,000 
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units per Kg.** While no conceivable harm 
can come from such a schedule, there is no 
indication that anything additional is to be 
obtained in the average infant once a dos- 
age of 100,000 units per Kg. has been 
reached. 

Once treatment is completed periodic 
observation of the infant on a one-month 
to three-month basis is indicated. Clinical 
relapse is very uncommon with infantile 
congenital syphilis, certainly less than 5 per 
cent, the reason for which has given rise to 
some speculation when compared with 
adult syphilis.° Serologic relapse likewise 
occurs infrequently. Several reports have 
_remarked upon the healing of the osseous 
lesions of infantile congenital following 
penicillin therapy.'***° Rose et al.*° have 
emphasized the increased calcification in 
the roentgenogram in some cases following 
penicillin therapy; and Hill et al.*' in one 
of the best papers on congenital osseous 
syphilis to appear in some time, have 
shown that the healing of infantile bone 
syphilis is largely accelerated by penicillin 
in infants under three months of age. In 
older infants in whom healing is a natural 
evolution of the disease the improvement is 
not demonstrably affected by penicillin 
therapy. 

It is obvious that so short a period of 
observation on such a small group of infants 
thus far contained collectively in the litera- 
ture leaves many problems of therapy still 
unsolved. It has not been possible to try a 
variety of dosage schedules. Ambulatory 
therapy although attempted has not been 
satisfactorily worked out for any consider- 
able number of cases. Even the cure rate 
is only roughly estimated at approximately 
73 per cent because of the paucity of reports 
with more than one year post-treatment 
follow-up. Penicillin is, nonetheless, an 
effective remedy and even with what we 
do know should replace other types of 
treatment for infantile congenital syphilis. 


LATE CONGENITAL SYPHILIS 


If the volume of cases is unsatisfactory 
for analysis in early congenital syphilis, this 
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problem is even greater for late congenital 
syphilis. It is to be hoped, nonetheless, 
that the preventative treatment of the 
syphilitic pregnant woman and the relative 
excellence of the therapy of infantile con- 
genital syphilis will make the accumulation 
of examples of late congenital infection in- 
creasingly difficult. Only a few papers of 
importance have appeared in this field. 
They are the works of Yampolsky'’® and 
Heyman,”* the more recent publication of 
Platou and Kometani‘*? on the general 
subject of penicillin therapy of late con- 
genital syphilis and Klauder’s** detailed 
study of penicillin therapy of interstitial 
keratitis. The rest of the available informa- 
tion is fragmentary and from patients 
observed for too short periods to be of value 
in drawing conclusions. 

The first reported cases of late congenital 
syphilis treated with penicillin are con- 
tained in the cooperative studies of the 
Subcommittee on Venereal Disease of the 
National Research Council with Stokes as _ . 
spokesman.** Our own experience with 
adequately observed cases of late con- 
genital syphilis to date comprises fifty-nine 
cases, six of which were latent (stigmas 
only), one was osseous, fifteen were inter- 
stitial keratitis and thirty-seven were neuro- 
syphilis. The total dosage of penicillin 
given generally to these patients has been 
high, seldom less than four and _ usually 
nearer to ten million units. Our general 
impression has been that penicillin has been 
at least as good as other previously em- 
ployed types of treatment. In children over 
six years of age the tendency is to use adult 
dosage schedules; in younger infants the 
more or less standard total dose of 100,000 
units penicillin per Kg. body weight may 
be employed. 

The serologic response generally speaking 
has been slow and very few patients have 
become seronegative as a result of treatment 
in the period observed. Two (33 per cent) 
of our six latent cases became seronegative. 
Twenty-five per cent of Platou’s*? twenty- 
eight latent cases became seronegative. Two 
of our fifteen cases of interstitial keratitis 
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have become seronegative as compared to 
four among thirty-nine of Klauder’s* series. 
In only one of our thirty-seven cases of 
congenital neurosyphilis did the blood 
serologic test become negative. A rapid 
serologic response to negativity is not to be 
expected in late congenital syphilis and 
perhaps is not a necessary accompaniment 
of such therapy. | 

The reported cases of congenital neuro- 
syphilis when added to our own total eighty- 
five. These cases occur so infrequently in 
comparison with acquired neurosyphilis in 
the adult that there has been a tendency 
on the part of some workers to pool the 
occasional case of late congenital neuro- 
syphilis for statistical purposes with their 
acquired cases. Since response of neuro- 
syphilis to penicillin depends more upon 
the degree of involvement and the extent 
of the damage prior to therapy than it does 
upon the type of infection encountered, it 
may to some extent be artificial to consider 
late congenital neurosyphilis in a separate 
category. Nonetheless, an analysis of exist- 
ing information is made for what it is worth. 

There is general agreement that, as with 
acquired adult neurosyphilis, there is a 
rapid spinal fluid response particularly in 
the asymptomatic cases. In seventeen of our 
group of twenty-seven followed for periods 
varying from six months to four years 
after therapy the spinal fluid became nega- 
tive. In Platou’s group, apparently largely 
asymptomatic, followed for more than 
twenty-four months, four of thirty-four 
originally positive spinal fluids remained 
abnormal. In active juvenile paresis,*! 
optic atrophy and eighth nerve deafness**: 
progression commonly occurs after the 
institution of penicillin therapy. This again 
may not be an indication of the ineffec- 
tiveness of the treatment since it occurs 
after other modes of therapy including 
fever, but may be a natural evolution 
of the disease with fibrous tissue replacement 
of the already damaged area. Although the 
number of cases available for analysis is too 
small to make any general conclusions, 
maximal therapy with penicillin in the 
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magnitude of ten million units over a period 
of fifteen days with repetition if necessary 
should be employed in late congenital 
neurosyphilis, and fever therapy should be 
considered in addition to penicillin if initial 
response is not satisfactory. 

The thirty-seven cases of interstitial kerati- 
tis from late congenital syphilis contributed 
by various authors, including our own 
fifteen patients, add very little to the detailed 
and well controlled report of Klauder’s 
fifty-nine cases. Since Klauder’s report rep- 
resents a cooperative study to which he 
contributed from his own resources only 
forty-one patients, there may be some 
duplication even in the reported ninety-six 
cases in which penicillin was used. Peni- 
cillin does not exert an immediate favorable 
effect on active interstitial keratitis. Like 
metal chemotherapy it does not prevent an 
initial attack of interstitial keratitis, nor 
involvement of the second eye nor recur- 
rence of the disease in the previously af- 
fected eye. Klauder believes that fever 
therapy is still the treatment of choice for 
interstitial keratitis and that, while peni- 
cillin has produced results thus far neither 
better nor worse than metal chemotherapy, 
it is probably the best adjunct treatment to 
be employed with fever. Total dosages em- 
ployed have ranged from 2.4 to 6.0 million 
units. Clutton’s joints, which frequently 
accompany or precede interstitial keratitis, 
are similarly not immediately favorably 
influenced by penicillin.?®** 


CONCLUSIONS 


Penicillin has been found to be effective 
in the prevention and treatment of con- 
genital syphilis and, except perhaps for 
interstitial keratitis, may completely replace 
all other forms of specific therapy. It is of 
greatest value in this field when given to 
the mother either prior to conception or 
in the early months of her pregnancy. It is 
effective in the cure of the fetus in utero if 
the disease is not too far advanced. It is 
very effective in curing the newborn 
syphilitic infant if he is not already in a 
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hopeless state of debilitation. It becomes 
decreasingly valuable in producing com- 
plete cure of congenital syphilis during 
late infancy and childhood but remains at 
least on a par with metal chemotherapy. 
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Los Angeles, California 


OR the purpose of this discussion, 
Poe late syphilis may be loosely 


defined as allergic in type, with 
chronic, focal inflammatory lesions involv- 
ing structures not essential to life or vision, 
and which develop more than two years 
after infection. In the great majority of 
patients such lesions involve the skin or 
mucous membranes (late nodular syphilides, 
cutaneous or mucosal gummas), the bones 
(periostitis, osteitis, osteomyelitis) or the 
muscles or tendons (gummas of muscles, 
synovitis). Infrequently, patients with the 
allergic tendency develop gummatous le- 


sions in such important viscera as the liver, | 


spleen, stomach, lungs or testes. Gummatous 
involvement of the cardiovascular or central 
nervous systems is rare; and in these situa- 
tions the granulomatous process may con- 
stitute a direct and immediate threat to 
life. In effect this communication, therefore, 
resolves itself into a consideration of the 
effects of intramuscularly administered peni- 
cillin on the mucocutaneous, osseous and 
visceral manifestations of late acquired 
syphilis, manifestations which, however 
painful, disabling or disfiguring, seldom if 
ever kill the patient. The material to be 
presented represents a review of the litera- 
ture together with an analysis of the 
records of the Syphilis Clinic, Department 
of Medicine, the Johns Hopkins Hospital, 
including data previously published. '! 

The mode of action of penicillin in benign 
late syphilis is not entirely clear. The 
therapeutic activity of the antibiotic, aside 
from an ill-defined “general tonic effect,”’ 
probably rests on its direct bactericidal (i.e., 


treponemicidal) action. The typical gum- 
matous lesion is a chronic, focal granuloma 
with central caseation necrosis. Although 
Treponema pallida are seldom demon- 
strated in these lesions, it is believed by 
many that the organisms develop about 
a focus in an individual who has become 
sensitized or allergic to the parasite or to 
its by-products. This hypothesis would 
explain nicely the healing of gummas follow- 
ing the administration of treponemicidal 
drugs such as arsenic, bismuth or penicillin; 
it may not explain the occasional lesion 
which responds to one but not another type 
of syphilotherapy. Whatever the mode of 
action of penicillin, in our own experience 
and in the results reported in the current 
literature it has proved to be an effective 
remedy in the treatment of the vast majority 
of patients with clinical manifestations of 
benign late syphilis. 

Mucocutaneous Benign Late Syphilis. In 
the early clinical evaluation of penicillin 
these manifestations of late syphilis were 
unique in that they could be observed or 
palpated directly and measured accurately, 
and the difference between treatment suc- 
cess and failure could be objectively deter- 
mined. In our own study, for example, we 
have applied the following criteria for 
“complete healing’’: In ulcerative cutane- 
ous gummas we required restored con- 
tinuity of the skin surface by complete 
epithelialization and the disappearance of 
signs of inflammation. Nodular gummas 
were regarded as healed when swelling, 
induration and erythema had vanished, 
although pigmentation might persist. Per- 


* From the Johns Hopkins University School of Medicine and the United States Public Health Service Venereal 
Disease Research and Post-graduate Training Center, Baltimore, Md. 
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forating gummas of the palate were con- 
sidered healed when the integrity of the 
mucous membrane had been restored or 
the residual perforation was completely 
quiescent and not inflamed or indurated. 
The use of these or similar criteria enabled 
investigators to report comparable data. 

The first case report? described a patient 
with a nodular syphilide of the nose who 
was treated with 320,000 units of amorphous 
penicillin; the lesion healed leaving only 
residual pigmentation. In 1944 a group of 
investigators’ reported on twenty-one cases 
of benign late syphilis of skin and bones 
(not separately considered). They found 
that the lesions healed in twelve to forty-six 
days under a dosage of approximately 
300,000 units and concluded that results 
were so satisfactory that little further in- 
vestigative interest or effort was required. 
In spite of this optimistic conclusion, there 
were two failures in the group studied: One 
was a suspected gumma of the orbit and 
no particulars were given concerning the 
other. 

A year later O’Leary and Kierland,' 
without citing details, wrote that “‘peni- 
cillin is by far the outstanding remedy for 
the treatment of late cutaneous and osseous 
syphilis.” They recommended two courses 
of 2.4 million units each, given four months 
apart. Stokes and his co-workers® stated 
that penicillin in low dosage (300,000 to 
600,000 units) cured soft tissue gummas and 
simple uncomplicated bone lesions. Inade- 
quate data were given concerning the 
diagnosis and treatment of patients having 
a satisfactory outcome but one treatment 
failure was reported. The patient had 
received arsenobismuth therapy for gum- 
matous osteomyelitis of the sinuses and 


frontal bone without apparent effect; peni- 


cillin administration (2.4 million units in 
ten days) likewise failed to give improve- 
ment during 101 days of post-treatment 
observation. Hill® mentioned a patient with 
an extensive destructive gumma involving 
the center of the face, including the nasal 
septum and hard palate, who was unim- 
proved after 2.4 million units of penicillin. 
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Therapy with induced tertian malaria 
completely resolved the lesion. Hahn’ has 
reported in detail a patient given 4.8 million 
units of amorphous penicillin for a large 
granulomatous penile mass which failed to 
improve. This lesion was likewise unre- 
sponsive to therapeutic dosages of tartar 
emetic and sulfonamide compounds. It had 
clinical attributes of a gumma and micro- 
scopic examination of a specimen taken 
for biopsy revealed “‘chronic inflammatory 
tissue of a nonspecific nature.”” Ten months 
after penicillin administration arsenobis- 
muth therapy was given with prompt and 
complete healing. | 

The first reported experience from this 
clinic! described results of penicillin treat- 
ment in eighteen patients with gummas of 
the skin and/or mucous membranes. It was 
found that total doses greater than 1.7 mil- 
lion units of amorphous penicillin gave 
progressive improvement in most instances. 
One patient given only 60,000 units during 
her first course of therapy developed re- 
newed activity in the scar one year later. 
There were no signs of relapse when last 
seen 805 days after retreatment with 1.2 
million units. A diabetic patient with 
secondarily infected gummatous leg ulcers 
and arteriosclerosis of the lower extremities 
also required retreatment. The lesions failed 
to heal after 1.2 million units; 106 days 
later he was given 2.0 million units of 
penicillin with complete healing within one 
month. He remained well for seventeen 
months when a recurrent nodulo-ulcerative 
syphilide appeared in one of the scars. The 
administration of 8.0 million units of peni- 
cillin G in ten days and a prolonged course 
of arsenobismuth therapy promoted rapid 
healing. The other sixteen patients originally 
reported have undergone no relapses during 
follow-up periods as long as 1,596 days 
(mean, 911 days) although one received an 
additional 10.0 million units for serorelapse; 
the lesions had remained healed for 541 days 
at the time of retreatment. 

Since the original communication we 
have treated with penicillin alone sixteen 
additional patients with cutaneous and/or 
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mucous membrane gummas. Total dosages 
ranged from 0.32 to 7.0 million units; ten 
received crystalline penicillin G. All have 
been treatment successes in that our criteria 
of healing were satisfied. The mean period 
of post-treatment observation, however, 
has been only 364 days. In the total series 
of thirty-four cases the gross incidence of 
failure was 5.9 per cent. 

One report® has appeared on the treat- 
ment of a nodular late syphilide with 7.8 
million units of oral penicillin administered 
over a ten-day period with a satisfactory 
outcome. 

Conclusions. According to Moore® there 
appears to be general agreement that the 
older methods of syphilotherapy were usu- 
ally successful in producing rapid healing 
of skin and mucous membrane lesions, even 
the largest cicatrizing within forty-two to 
fifty-six days. As nearly as can be estimated 
from available data, penicillin, if it is to be 
effective at all, will likewise promote at least 
temporary healing in less than two months. 
There is no good evidence that the rate of 
healing is more or less rapid following peni- 
cillin; nor is there available sufficient 
material to justify opinion as to the compara- 
tive effects of amorphous penicillin and 
crystalline penicillin G. 

Sufficient evidence is at hand to show 
that a single course of penicillin therapy 
will not induce prompt healing or prevent 
gummatous recurrence in all patients with 
cutaneous and/or mucous membrane gum- 
mas. Although there is unquestionably a 
tendency to report promptly penicillin 
failures rather than successful results, it 
would seem from these data that in 5 to 
10 per cent of these patients retreatment 
with penicillin or institution of arsenobis- 
muth therapy would be indicated. As a 
corollary, too much reliance should not be 
placed on a single course of penicillin ad- 
ministration as a therapeutic test in benign 
late mucocutaneous syphilis. 

Benign Late Osseous Syphilis. The early 
reports already cited*~* have to a great 
extent classified benign late syphilis of 
skin and mucous membranes and of bone 
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together because they are frequently co- 
existent (e.g., gumma of skin with under- 
lying periostitis of tibia). The criteria for 
successful treatment differ markedly between 
the two groups. Whereas the former heal 
actively, a treatment success in late syphilis 
of bone is usually characterized by arrest or 
lack of further activity. Serial roentgeno- 
grams show that proliferative or destructive 
activity has ceased; occasionally areas of 
osseous destruction are repaired completely. 
Where bone surfaces are near the skin (e.g., 
tibia, skull) and the overlying soft tissues 
are involved in a gummatous process with 
or without secondary infection, it may be 
impossible to tell what degree of osseous 
involvement is due to syphilis of soft tissues 
and how much to the process in the sub- 
jacent bone. In short, the division between 
success and failure of treatment is less 
sharply delineated, and serial observations 
over a prolonged period of time must be 
made before conclusions are justified. 

In addition to the five patients with ostei- 
tis, osteomyelitis and/or periostitis described 
in our first report' we have since treated 
eleven more. Dosages of penicillin from 0.6 
to 7.0 million units were given; five patients 
received penicillin G. Post-treatment ob- 
servation periods ranged from 135 to 1,449 
days (mean, 706 days). In only five of the 
sixteen patients studied were bone lesions 
unaccompanied by gummatous involvement 
of the overlying soft tissues. In most cases 
initiation of penicillin treatment caused a 
dramatic cessation of local deep bone pain 
in osseous syphilis. (This was also true 
following arsenic, bismuth and, occasion- 
ally, iodides.) One exception was noted in 
our series. A twenty year old negress with 
periostitis of the tibias and fibulas gave a 
history of severe osteocopic pain of five 
months’ duration. The deep pain in the 
legs was essentially unchanged following 
0.6 million units of penicillin and two 
months later similar pain began in the 
right arm. Roentgenograms showed thick- 
ened cortex and irregular contour of the 
right ulna. Without additional antisyphilitic 
treatment the attacks of ostealgia in all sites 
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gradually became less severe and trouble- 
some, disappearing entirely during the 
seventh post-treatment month. These pains 
have not recurred and roentgenograms 
taken at 1,109 days showed a static process 
_ in the involved bones. 

The end results in these sixteen patients, 
in terms of disappearance of symptoms 
referable to the skeletal system and roent- 
genographic evidence of osseous arrest or 
repair, were all adjudged to be satisfactory. 
One unusual treatment failure, however, 
deserves special mention. A nineteen year 
old negress with syphilitic osteomyelitis and 
periostitis of one radius was treated with 
1.62 million units of amorphous penicillin. 
Although this lesion responded nicely, 
eight months later a typical nodular serpig- 
inous syphilide of the forearms and hand 
appeared. A specimen for biopsy was 
described (Dr. L. W. Ketron) as charac- 
teristic of tertiary syphilis and arsenobis- 
muth therapy was instituted. 

We have treated two patients with un- 
complicated syphilitic osteomyelitis with a 
satisfactory outcome in each following 1.0 
and 1.62 million units of amorphous peni- 
cillin, respectively. Miller’® has reported a 
case similar to ours in which clinical, 
pathologic and roentgenographic evidence 
was presented. Following 2.4 million units 
of penicillin the pain subsided, the patient 
gained weight and roentgenograms showed 
improvement; sequestrum formation was 
not present. The case of Stokes’ responded 
neither to arsenobismuth treatment nor 
to penicillin; presumably sequestra were 
present. 

Whether or not results of penicillin ad- 
ministration in patients with Charcot joints 
properly belong in this discussion, it may 
be briefly said that penicillin exerts no 
appreciable beneficial effect.*"' 

Conclusions. Although the cases thus far 
reported concerning penicillin in benign 
late osseous syphilis are relatively few in 
number, results appear to be satisfactory 
in the patients with uncomplicated periosti- 
tis, osteitis or osteomyelitis. Syphilitic osteo- 
myelitis with sequestrum formation appears 
AMERICAN JOURNAL OF MEDICINE 
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to respond poorly to treatment and proba- 
bly requires a combined attack by the 


surgeon and syphilologist for best results. 
When there is extensive gummatous in- 
volvement of adjacent skin or mucous mem- 
brane,*** results of treatment with penicillin 
alone may be disappointing. The clinician 
faced with the patient with extensive gum- 
matous involvement of the nasopharynx 
and paranasal sinuses may be wise in pre- 
scribing penicillin plus metal chemotherapy 
and/or fever. 

Gummatous Visceral Syphilis (Excluding Car- 
diovascular and Neurosyphilis). Active late 
syphilis of the liver is a condition rarely 
demonstrated clinically. The initial and 
essential lesion is the gumma which arises 
in a highly localized or focal manner and 
on healing leaves a stellate scar. Because of 
the great functional reserve and capacity 
for regeneration of this organ, symptoms or 
signs of hepatic insufficiency are rare. 
Clinical observations, laboratory and roent- 
genographic studies do not permit more 
than a presumptive diagnosis. To prove 
the presence of active hepatic gummas two 
procedures are available. The more reliable 
(but somewhat dangerous) method is to 
take a specimen for biopsy. The second is 
the therapeutic test which requires a post- 
treatment observation period of months or 


years. 

The only report’? dealing with this type 
of benign late syphilis described a satis- 
factory result in each of two patients (one 
with late congenital syphilis) with gumma- 
tous hepatic syphilis treated with 3,200,000 
and 920,000 units of amorphous penicillin. 
These patients have remained well over 
observation periods of 487 and 1,449 days, 
respectively. 

We have not treated a patient with late 
gastric syphilis with penicillin in this clinic. 
Knight and Falk,'* however, report clinical, 
gastroscopic and pathologic data on a fifty- 
four year old white male who was given 
“intensive antisyphilitic therapy” (dosage 
not specified). Although clinical, roent- 
genographic and gastroscopic studies all 
showed definite improvement, partial gas- 
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trectomy was performed. The pathologic pic- 
ture was compatible with gastric syphilis. T. 
pallida organisms were not demonstrated. 
Benign late pulmonary syphilis is seldom 
demonstrated clinically. Kulchar and Wind- 
holz'* reviewed the available literature 
(pointing out that T. pallida have been 
demonstrated in only two instances), and 
presented one patient treated with peni- 
cillin. A twenty-nine year old white male 
had syphilitic bone involvement in three 
sites, an area of increased density in the left 
lung field, together with a pleural exudate 
on that side. Following 2.5 million units of 
penicillin, bone pain subsided and less than 
one month later the exudate had disap- 
peared and the area of density had been 
replaced by fibrosis and increased paren- 
chymal markings. No pathologic evidence 
was presented. A more convincing case 
recently came to our attention. This patient 
had a large globular mass in the right lung 
which failed to respond either to penicillin 
or to metal chemotherapy given in another 
clinic; it increased in size during treatment. 
Pneumonectomy was done since such thor- 
ough therapy with no resulting improvement 
was believed by the attending physicians to 
be strong presumptive evidence of neoplasm. 
The gross specimen showed central casea- 
tion necrosis, and sections for microscopic 
study were examined by competent patho- 
logists who believed that the diagnosis of 
gumma was the most probable one. 
Conclusions. It is obvious that involve- 
ment of the viscera by a gummatous process 
represents a considerable, and sometimes 
insurmountable problem in diagnosis; it 
may be even more difficult to adjudge the 
results of a given therapeutic method. It is 
in this situation that the qualities of peni- 
cillin appear to recommend it particularly. 
In contrast to the older methods of syphilo- 
therapy, penicillin treatment is brief and 
essentially free of risk. Since, as far as the 
therapeutic test is concerned, the trepone- 
micidal properties of a given drug appear to 
be most important, penicillin probably 
yields a definite answer as frequently as 
metal chemotherapy. When _ roentgeno- 
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graphic evidence of disease is being con- 
sidered (e.g., possible gumma of lung), it 
must be kept in mind that penicillin is 
bactericidal for many organisms. We have 
had the experience of seeing a solitary area 
of increased pulmonary density resolve 
promptly following administration of peni- 
cillin. Although the patient had gummatous 
lesions elsewhere, in retrospect it was im- 
possible to rule out non-syphilitic disease, 
such as a patch of bronchopneumonia. 

Gummatous Keratitis. ‘The keratitis pustu- 
liformis profunda of Fuchs is the only type 
of corneal syphilitic disease to show a 
spectacular response to older types of anti- 
syphilitic therapy. It has shown an equally 
satisfactory response to penicillin in the only 
case thus far reported.' 


COMMENTS 


From the practical standpoint, benign 
late gummatous syphilis of skin, mucous 
membranes and of bone are the most im- 
portant types. In this series of thirty-nine 
patients with one or more of these mani- 
festations, a single course of treatment with 
penicillin alone yielded satisfactory results 
in all but three. These failures were: (1) 
recurrence of cutaneous gumma, (2) initial 
failure to heal promptly after a second 
course of penicillin, followed by recurrence 
of cutaneous gumma and (3) initial ap- 
pearance of a nodular syphilide eight 
months after penicillin therapy of late 
osseous syphilis. The only comparable 
series published,* in which twenty-one 
patients with benign late syphilis of skin 
and bone were treated with penicillin alone, 
mentioned ‘two treatment failures. The 
gross incidence of failure in the combined 
material was 8.3 per cent (five failures 
among sixty patients studied). This figure 
is sufficiently large to show that caution 
must be used in the interpretation of the 
therapeutic test in benign late syphilis. 

Total dosages employed in our series 
ranged from 60,000 to 7,000,000 units. In 
general, the patients treated earlier received 
smaller dosages. No failures were encountered 
in the eleven patients treated with crystal- 
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line penicillin G. This was probably due to 
two factors, both associated with the recent 
availability of this product. First, larger 
total dosages were employed and, secondly, 
post-treatment observation periods have 
been shorter. There is no real evidence as 
yet that crystalline G is superior to amor- 
phous penicillin in the treatment of benign 
late syphilis. | 

The majority of our patients with benign 
late syphilis also had recognizable syphilitic 
disease involving the cardiovascular or 
central nervous systems. Twenty-three had 
neurosyphilis and in one of these a saccular 
aortic aneurysm was also found. Eighteen 
had late asymptomatic neurosyphilis, three 
had tabes dorsalis and two had unclassified 
late meningovascular neurosyphilis. The 
two patients in the last category and one 
with asymptomatic neurosyphilis had ‘‘ac- 
tive,” group 111 cerebrospinal fluids (Dattner- 
Thomas); in the remainder the cell count 
and protein values were within physiologic 
limits and the major abnormality noted was 
the positive Wassermann reaction with 
relatively large volumes of cerebrospinal 
fluid (0.2 to 1.0 cc.). These abnormal fluids 
responded to penicillin administration in 
the usual fashion. Elevated cell counts and 
protein contents rapidly fell to normal; the 
colloidal mastic and Wassermann tests 
responded more slowly. Laboratory evi- 
dence of neurosyphilis disappeared during 
the periods of observation in eleven of the 
patients with group 1 cerebrospinal fluids. 
In one patient eight positive or doubtful 
spinal fluid Wassermann reactions in low 
dilutions were reported before the first 
entirely normal one taken 1,385 days after 
penicillin therapy. None of the “inactive” 
fluids became worse during the period of 
observation. Serologic blood titers were 
more recalcitrant. One patient was sero- 
negative before and after treatment. The 
other thirty-eight patients were seropositive 
at the time of the most recent observation 
and in eleven of these the most recent titer 
was higher than the pretreatment one. 
These data merely emphasized the fact that 
most patients with symptomatic late syphilis 
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were seroresistant and that penicillin was 
no more effective in reversing the serologic 
reaction to negative than have other types 
of syphilotherapy. 

In our experience the febrile Jarisch- 
Herxheimer reaction did not seem to be 
associated with particular types of gum- 
matous lesions. A rise in temperature over 
100.4°r. within the first twenty-four hours 
after the initiation of therapy was noted in 
five patients; the highest fever was 103.2°r. 
All these patients had “‘inactive’’ cerebro- 
spinal fluids. Fever in excess of 100°F. was 
noted in two of the three patients with 
group Ill, six with group Il and in two 
patients with normal pretreatment cerebro- 
spinal fluids. In a single instance only was 
significant increase in local erythema and 
swelling noted. One patient with a gumma 
of the left vocal cord (and of the hard palate 
and nasal septum) suffered no ill effects 
following initiation of therapy with the 
usual doses (100,000 units every three 
hours). 


SUMMARY 


The current literature dealing with the 
use of penicillin in benign late syphilis of 
skin and mucous membranes, the bones, 
liver, stomach, lungs and cornea is briefly 
reviewed. On the basis of reported data 
amd an analysis of our own material satis- 
factory results may be obtained in approxi- 
mately 90 per cent of such cases by the 
administration of a single course of peni- 
cillin alone. 
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Significance of Spinal Fluid Findings in 
Neurosyphilis’ 


BERNHARD DATTNER, M.D. 
New York, New York 


HE importance of serologic tests for 
syphilis (STS) is recognized by 
everyone working in this field. In 

early syphilis, for instance, not only disap- 
pearance of clinical signs and symptoms 
but also the reversal of the positive STS to 
negativity is the therapeutic goal. In late 
syphilis, however, there is quite often con- 
siderable doubt whether positive STS indi- 
cate the continuation of the syphilitic 
process or whether they represent solely a 
harmless residual of a formerly active in- 
fection. Although the routine application 
of quantitatively standardized serologic 
tests has greatly contributed to a better 
understanding of the activity of the syphilitic 
process, it still leaves the problem of the so- 
called Wassermann-fast cases unexplained. 
Fortunately, in neurosyphilis the evalua- 
tion of the character of the underlying proc- 
ess is not dependent only on the specific 
tests for syphilis. Additional information can 
be obtained by other commonly performed 
examinations of the spinal fluid, i.e., the cell 
count, total protein determination and 
colloidal tests. It is a clinically well estab- 
lished fact that most infectious processes 
involving the meninges give rise to a pleo- 
cytosis. Inasmuch as the meninges may be 
invaded by spirochetes in the early stages of 
syphilis, it is not surprising that pleocytosis 
is the first sign of syphilitic involvement 
of the central nervous system (Ravaut,' 
Sicard?). With arrest of the syphilitic process 
the abnormal cell count quickly returns to 
normal. It is the most labile element of the 
spinal fluid syndrome as observed by all 
investigators interested in establishing a 


correlation between pathologic process and 
spinal fluid findings. This rapid subsidence 
of pleocytosis following successful treatment 
occurs in all forms of neurosyphilis. It was 
first noted after malaria therapy of general 
paresisin Wagner-Jauregg’s clinic in Vienna 
and later confirmed by all authors reporting 
the effect of malaria treatment on the spinal 
fluid in neurosyphilis. If the syphilitic 
process has been definitely arrested, there 
is no recurrence of pleocytosis, as has been 
demonstrated by the follow-up of many 
patients with neurosyphilis over a period of 
more than fifteen years (Dattner*). Pleo- 
cytosis, therefore, constitutes the best cri- 
terion of the activity of syphilis of the 
central nervous system. 

Next as a guide for determining the trend 
of the syphilitic process is the spinal fluid 
total protein estimation. With the new 
electrophotometric method of determining 
the turbidity of fluids, measurements of the 
protein content of the spinal fluid can be 
performed with a high degree of precision. 
Values so obtained can be duplicated with- 
out difficulty. It is, therefore, possible to 
observe changes in the pathologic process 
in the central nervous system by comparing 
total protein determinations over long 
periods. As with the cell count, the total 
protein values follow closely the intensity 
of the inflammatory-degenerative altera- 
tions of the nervous tissues. Effective treat- 
ment manifests itself in a gradual decrease 
in protein whereas patients who relapse fol- 
lowing treatment exhibit increasing amounts 
of total protein on repeated tests. 


* From the Rapid Treatment Center, Bellevue Hospital, New York, N. Y. 
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Finally, additional support in estimating 
the efficacy of treatment is given by the col- 
loidal tests. They were originally designed 
only for the differentiation between the 
various globulins and albumins constituting 
the total proteins. As long as the colloidal 
solutions could not be standardized no 
reproducible results were obtainable and, 
therefore, no comparisons could be made 
in the follow-up of patients. Since Lange’s‘ 
introduction of a new technic of his col- 
loidal gold test, however, it has become 
possible to obtain quantitative as_ well 
as qualitative information concerning the 
nature of the syphilitic process. The con- 
stant color changes of the gold sol, which 
are expressed in numerical values, can now 
be totaled and furnish a quantitative stand- 
ard. Following successful treatment there 
is not only a change in the character of 
the curve but also a decline in the sum total 
of the color figures. 

These four tests of the spinal fluid give 
much more accurate information about the 
syphilitic process than does the detection of 
reagin alone even when quantitative de- 
terminations are made. Each test represents 
a different and independent approach 
toward this goal and yet the end results 
form a syndrome which permits a reason- 
able interpretation. If the neurosyphilitic 
process is progressing, we observe pleocyto- 
Sis, positive specific tests for syphilis, in- 
creased total protein and abnormal colloidal 
reactions. If the pathologic process is abat- 
ing or comes to a standstill, we have cor- 
respondingly normal cell counts and 
decreasing values in the other tests until 
finally all of the tests become normal. In 
permanently arrested cases of long standing 
it may require five or more years for the 
Wassermann and sensitive colloidal gold 
reactions to become completely normal. 

This gradual improvement of the ab- 
normal spinal fluid syndrome following 
successful treatment has been reported by 
the author in many papers since 1928.° In 
1942 Dattner and Thomas‘® generalized 
their observations on patients treated for 
neurosyphilis at Bellevue Hospital as follows: 
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A positive spinal fluid Wassermann reac- 
tion does not prove activity of the syphilitic 
process. When a positive complement fixa- 
tion test of the spinal fluid is associated with 
pleocytosis and/or increased protein, ac- 
tivity must be assumed. If the spinal fluid 
tests show normal cell count and definite 
diminution in protein content six or more 
months after treatment has been discon- 
tinued, the activity of the syphilitic process 
in the central nervous system in all proba- 
bility has been permanently checked al- 
though it may require years before the 
complement fixation and colloidal tests 
become completely negative. 

It is regrettable that in the past the atten- 
tion of many physicians was focused almost 
exclusively on the complement fixation tests 
of the spinal fluid in evaluating the ef- 
fectiveness of treatment. This resulted in a 
misconception of the relationship between 
the spinal fluid findings and the syphilitic 
process in the central nervous system. A 
positive serologic test of the spinal fluid 
following treatment was taken as evidence 
of the persistence of the infection. As a 
result, antisyphilitic therapy was continued 
in many cases in the hope of reversing 
positive Wassermann reactions to negative. 
If the concept of the parallelism between 
the pathologic process and the spinal fluid 
syndrome as described above had been 
correctly understood, many patients would 
have been spared unnecessary and some- 
times hazardous and expensive treatment. 


SUMMARY 


Activity and arrest of the neurosyphilitic 
process are reflected in the spinal fluid 
findings. This can be demonstrated by 
repeated examinations of the spinal fluid 
which should include a cell count, quanti- 
tative tests for total protein, the com- 
plement fixation reagin titer and Lange’s 
new colloidal gold reaction. 
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Current Status of Penicillin Therapy in 
Neurosyphilis* 


Harry C. SOLOMON, M.D. 
Boston, Massachusetts 


reported that penicillin was an active 

spirocheticide and an effective agent 
in the treatment of early syphilis. Almost 
immediately penicillin was tried in the 
treatment of the various forms of neuro- 
syphilis. Here again it was demonstrated 
to be efficacious. In most cases of asympto- 
matic neurosyphilis and syphilitic menin- 
gitis the drug cleared up the cerebrospinal 
fluid in a very short time and relieved the 
symptoms of meningitis. (It should be borne 
in mind that this type of neurosyphilis has 
responded well in many instances to almost 
all forms of arsenical treatment and very 
well indeed to fever.) 

The problem remaining after the first 
survey of penicillin was that of adequate 
dosage. It soon became evident that an 
aqueous solution of amorphous penicillin, 
3 million units given over a period of seven 
to fifteen days at six-hour intervals, was 
likely to give a favorable outcome in a great 
majority of cases. This conclusion was 
arrived at by trying a number of schedules 
differing in the amount of penicillin ad- 
ministered and the duration of the course 
and the time interval between injections. 
The development of new forms of penicillin, 
such as the slowly absorbed forms of peni- 
cillin like procaine penicillin in oil, has 
made it difficult to be more specific than 
this about dosage at the present time. 

General Paresis. ‘The problem of the best 
form of treatment for the more destructive 
forms of neurosyphilis (general paresis and 
tabes dorsalis) was not so readily arrived at; 
in fact, there is at this time a considerable 


T 1943 Mahoney, Arnold and Harris! 


difference of opinion among various investi- 
gators. It early became evident that in general 
paresis penicillin was remarkably effective 
in improving the spinal fluid abnormalities. 
Three million units of the drug at six-hour 
intervals over a two-week course almost 
invariably produces in the course of three 
to six months a marked reduction in the 
spinal fluid cell count and total protein. 
However, with the dosage limited to 3 mil- 
lion units, spinal fluid relapse takes place 
in not a few cases, suggesting that in all 
probability the cerebral syphilis had not 
been adequately controlled. On the basis 
of such relapsing tendencies the dosage was 
increased by most investigators to 6, 9 and 
12 million units. Other investigators gave 
repeated courses of penicillin, with an 
interval of one month or more between the 
courses. 

Another question about the effectiveness 
of penicillin in the treatment of general 
paresis relates to the improvement of the 
psychotic state when this exists. There is a 
great difference of opinion about this. 
Reports from the Mayo Clinic,? Johns 
Hopkins* and the Boston Psychopathic 
Hospital‘ indicate that the psychologic 
response of the paretic psychosis is by no 
means as good when penicillin alone is 
relied upon as when fever treatment is 
given. On the other hand, investigators at 
the University of Pennsylvania Clinic’ and 
Bellevue MHospital® are strongly of the 
opinion that the clinical results are equally 
good if not better with penicillin alone. 
The Michigan group’ first reported that 
the psychosis did not respond as well with 


* From the Harvard Medical School and Boston Psychopathic Hospital, Boston, Mass. 
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penicillin as with fever but more recently 
have concluded that penicillin-treated pa- 
tients respond as well as those treated with 
malaria. Reports from other clinics are 
equally divergent. This is very reminiscent 
of the difference of opinion which has 
occurred over the years as to the relative 
effectiveness of tryparsamide, malaria and 
mechanically produced fevers. After ex- 
haustive studies over a period of more than 
twenty years no uniformity of opinion was 
reached. It therefore is not surprising that 
opinions should differ with regard to 
penicillin and it is probable that general 
agreement will not be attained in the course 
of a number of years. 

At the Boston Psychopathic Hospital 
most of the patients with general paresis 
have been treated with a combination of 
penicillin and a short febrile course. The 
conclusion of the workers at this clinic is 
that a course of 6 to 9 million units of 
crystalline penicillin G, given at six-hour 
intervals over a period of fifteen days, and 
used in conjunction with approximately 
half of the standard febrile course, is an 
effective means of treating most patients 
with general paresis. At this clinic it is 
customary to induce from five to seven 
malarial paroxysms concurrently with the 
use of penicillin for those paretic patients 
who are in good physical condition. For 
other patients of this group who have 
systemic disease or marked debility the fever 
box is used concurrently with penicillin 
and the patient is given a total of approxi- 
mately twenty hours of fever between 104° 
and 105°r. This relatively small degree of 
fever is not hard on the patient and his 
general condition at the end of the course 
of treatment is usually excellent. 

The Johns Hopkins group’ are of the 
opinion that cases of general paresis are 
better treated by a full course of fever in 
addition to relatively large amounts of 
penicillin. At any rate, the combination of 
6 to 9 or 12 million units of penicillin and a 
course of fever results almost invariably in 
a reduction of the spinal fluid cell count 
and total protein to normal within a period 
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of three to six months, and in most instances 
spinal fluid relapse does not take place. 
Spinal fluid serologic and colloidal tests are 
much slower in the return to normal and 
follow a time schedule that is quite similar 
to that observed in malarial treatment, that 
is, approximately 10 per cent of the cases 
have a normal spinal fluid at the end of a 
year and each succeeding year adds 10 per 
cent to the group with normal fluids. 

However, despite the combination of 
penicillin and fever, there are some patients 
with paretic psychosis who fail to improve 
mentally. This is similar to the experience 
with other forms of treatment of this dis- 
order. Recent studies in our clinic indicate 
that the clinical response is dependent in 
part upon the mental syndrome, that is, 
patients with a clinical picture of the simple 
dementing type, depressions or mild ela- 
tions improve rather quickly, whereas pa- 
tients: who present symptoms similar to 
those seen in schizophrenia or paranoid 
states are likely to have a continuation of 
the psychosis despite satisfactory improve- 
ment of the cerebrospinal fluid and other 
evidence of arrest of the disease. 

A point of some interest is that electric 
shock therapy affects the psychosis associ- 
ated with general paresis in much the same 
fashion as in so-called functional psychoses. 
Very disturbed, agitated paretic patients 
who fall into the group that we have con- 
veniently called “galloping paresis’ may 
be quickly brought to a state of mental 
improvement by the use of electric shock 
therapy, and certainly in some instances 
life may be saved thereby. 

It has been noted that paretic patients 
treated by a full course of malaria are more 
likely to develop auditory hallucinations, 
which may be long persistent, than patients 
who are not so treated. With the. use of 
penicillin some evidence has been accumu- 
lating that there may be a greater possibility 
of patients developing persistent paranoid 
states than in patients not so treated. 

All this means that treatment of the 
psychosis of general paresis requires not 
only specific treatment of the syphilitic 
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meningoencephalitis but also considerable 
attention to the total psychiatric treatment. 

Tabes Dorsalis. ‘The evaluation of treat- 
ment in cases of tabes dorsalis is a matter 
of great difficulty. Tabetic cases have a 
tendency to “burn out,” that is, with the 
passage of time a considerable number of 
the patients with this disease develop normal 
spinal fluids indicating an arrest of the 
syphilitic process. On the other hand, symp- 
toms may persist or increase in intensity 
despite apparent arrest of the inflammatory 
process. Penicillin has proved to be ex- 
tremely effective in bringing the spinal fluid 
to normal in cases of tabetic neurosyphilis; 
3 to 6 million units of crystalline penicillin 
G in a two-weeks’ course almost invariably 
is sufficient to produce a normal spinal fluid. 
However, with this type of treatment as 
with the treatments in the past, symptoms 
may not be greatly relieved. A general 
working rule is that if one is dealing with 
relatively acute cases of tabes the symptoms 
may be greatly alleviated if not completely 
removed in about 50 per cent; whereas in 
the other 50 per cent the symptoms continue 
despite a “‘spinal fluid cure.’ The evidence 
at hand suggests that penicillin produces 
about the same symptomatic results as were 
obtained with fever treatment. 

Syphilitic Optic Atrophy. There is not 
enough experience yet available to allow 
definite conclusions as to the effectiveness 
of penicillin in syphilitic optic atrophy. 
There is suggestive evidence, however, that 
penicillin does produce striking results in 
arresting the progress of optic atrophy in 
not a few cases. It is probable that the 
combination of malaria and penicillin is 
the most effective treatment now available. 
It will take a number of years to determine 
the permanency of apparent arrest and it 
will also be some time before enough pa- 
tients are treated to allow one to make any 
definite statements as to the percentage of 
the cases that may be halted. Encouraging 
results have been reported on the treatment 
of acute syphilitic auditory nerve deafness. 

Meningovascular Neurosyphilis. Meningo- 
vascular neurosyphilis responds, from the 
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laboratory standpoint, much as asympto- 
matic neurosyphilis and meningeal neuro- 
syphilis. In most instances a course of 6 to 
9 million units will arrest the syphilitic 
disease. The clinical results, of course, de- 
pend upon the amount of brain damage 
that has occurred. 

Various forms of spinal syphilis can be 
arrested by the use of penicillin and the 
clinical results will depend upon the amount 
of vital tissue damage that has taken place. 
Congenital neurosyphilis responds in much 
the same way as the similar underlying 
pathologic process in cases of acquired 
neurosyphilis. 


CONCLUSIONS 


Penicillin has proved effective in the 
treatment of all forms of neurosyphilis. 
Proper dosage and the place of adjuvant 
treatments have not been completely settled 
at this time, the changing forms of peni- 
cillin complicating establishment of a defi- 
nite routine of treatment. 

Using crystalline penicillin G as a stand- 
ard for comparison with other forms of 
penicillin, it may be stated that with this 
preparation syphilitic meningitis responds 
well to approximately 6 million units given 
every six hours for ten to fourteen days. 
Most cases of asymptomatic, meningitic, 
meningovascular and tabetic forms of neu- 
rosyphilis likewise respond to this schedule 
of treatment, the cell count and total protein 
of the spinal fluid becoming normal within 
three months, certainly within six months. 
If not, further treatment should be given. 
The serological tests and the colloidal tests 
will usually be within normal limits in the 
course of a year. While Dattner and 
Thomas’ state that as long as the cell count 
and total protein remain normal the disease 
is in control, nonetheless if the serologic and 
colloidal tests do not show improvement at 
the end of a year after conclusion of treat- 
ment, it would appear wise to give further 
treatment. 

Meningovascular neurosyphilis responds 
much the same as the other forms men- 
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tioned. General paresis is more resistant to 
penicillin treatment. 

Opinion differs as to whether one should 
depend upon penicillin alone or add fever 
therapy. If penicillin alone is used, the 
dosage should be 9 to 12 million or more 
units over a period of at least two weeks and 
the cerebrospinal fluid should be re-ex- 
amined every few months. If the cell count 
and total protein do not remain normal, 
further treatment is necessary. 

In the opinion of the writer the com- 
binat:on of penicillin and fever is more 
likely to result in a permanent arrest and 
to give more assurance that relapse will not 
occur. 

In some instances of paretic psychosis 
electric shock therapy may be indicated to 
control the psychosis. 
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Clinical Studies 


Venous Thrombosis and Pulmonary 
Embolism in Tuberculosis” 


Danie. W. ZAHN, M.D. and CHARLOTTE T. PEIRCE, M.D. 
Fort Logan, Colorado 


HE recent wave of adverse criticism 

directed against the use of bed rest 

as a therapeutic procedure has ex- 
erted a profound effect on all phases of 
American medicine. The surgeon,'? cardi- 
ologist,** psychiatrist,* obstetrician® and, 
more recently, the phthisiologist’ have all 
deprecated its widespread use. This revolt 
against one of the oldest and most widely 
accepted therapeutic measures was oc- 
casioned by the fearsome and tragic annual 
loss of life caused by pulmonary embolic 
accidents. Inasmuch as the source of em- 
bolism is almost always venous thrombosis 
and as the latter is often associated with 
enforced recumbency, the value of bed rest 
as a therapeutic agent is receiving renewed 
and justifiable attention. 

There can be no argument with those 
surgeons'*'* who have demonstrated the 
effectiveness of early mobilization of the 
postoperative patient. In like manner, both 
Harrison* and Dock‘ have indicated the 
hazards of bed rest in patients with cardio- 
vascular disease. 

In 1923 wrote, “‘Rest remains 
the sovereign remedy for tuberculosis. Rest 
alone has returned thousands of consump- 
tives to productive life.” This pronounce- 
ment has served as the underlying tenet 
upon which all tuberculosis therapy is 
based. All collapse procedures, minor or 
major, have been considered simply as 
adjuncts to rest. Even this hitherto inviola- 
ble principle has been attacked recently. 
Bray’ deplores the marked loss of muscular 
tone and disturbance of the physiologic 


processes of the body which follow enforced 
curtailment of physical activities. Krusen,'® 
too, emphasizes the benefits to be derived 
from graded activity in the management of 
certain tuberculous patients. Dock,"’ a bitter 
critic of bed rest, considers it a highly un- 
physiologic and definitely hazardous form 
of therapy. During the course of discussion 
of the use and abuse of bed rest in a Cornell 
Conference on Therapy, Dock implied 
that the dangers of strict bed rest in tuber- 
culosis were underestimated. In his series 
of medical cases 5 per cent of emboli were 
in tuberculous patients and almost all were 
fatal. Peck'*® has accepted the current 
indictment of bed rest as a challenge to 
phthisiologists to re-evaluate their concepts 
of this type of therapy. He attempts to 
answer the question of whether the dangers 
of bed rest as applied to the tuberculous 
person are commensurate with the risk 
which tuberculous patients must take when 
treated without bed rest. He concludes that 
bed rest is inherently valuable but only 
when it is made a distinct medical responsi- 
bility warranting constant and critical at- 
tention by the physician. 

The crucial argument against bed rest in 
tuberculosis would appear to be the clear 
demonstration that it is responsible for ir- 
reparable physical damage and even loss of 
life. This has been demonstrated for the 
postoperative, cardiac and obstetric pa- 
tient. The principal evil of bed rest in these 
groups is pulmonary embolism or its pre- 
cursor, peripheral venous thrombosis. Such 
has not been adequately demonstrated in 


* From the Veterans Administration Hospital, Fort Logan, Colo., and the Tuberculosis Section, Fitzsimons General 
Hospital, Denver, Colo. 
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the case of tuberculosis. The only study in 
the literature on the incidence of thrombo- 
embolic insults in tuberculosis is that of 
Peck and Willis’? who reported that of 751 
autopsied cases, evidence of 

embolism was obtained in eleven (1.5 per 
cent). They observed, furthermore, that in 
only two instances out of 751 autopsies 
could infarction have contributed to death. 
They concluded that pulmonary infarction 
did not appear to be a danger of great 
consequence to the tuberculous patient 
treated with bed rest. 

In an effort to evaluate the dangers of bed 
rest in tuberculosis as related to thrombo- 
embolism a review of the entire series of 
autopsies performed at Fitzsimons General 
Hospital was undertaken. Since 1921, 3,672 
postmortem examinations have been per- 
formed of which 1,700 were on tuberculous 
and 1,972 on non-tuberculous subjects. It 
should be stated at this time that all in- 
stances of septic thrombosis and infarction 
were eliminated from the study. 

In the 1,972 cases in which the cause of 
death was non-tuberculous 148 (7.5 per 
cent) instances of embolism 
and/or peripheral venous thrombosis were 
noted. This incidence is somewhat lower 
than is generally reported and may be a 
reflection of the rather rigid and under- 
standable restrictions placed on the extent 
of dissection of extremities at the Fitzsimons 
General Hospital. Belt?® and Breslich*' be- 
lieved that pulmonary embolism is present 
in some 10 to 12 per cent of routine post- 
mortem examinations on adults. McCart- 
ney,** basing his data on 25,771 necropsies, 
noted that embolism or the possibility of 
embolism (peripheral venous thrombosis) 
occurred in 10 per cent of cases. It is quite 
obvious that the figures of Réssle,** 27. 1 per 
cent, Putzer,** 27 per cent, and 
those of Hunter and associates,** 52.7 per 
cent, are not comparable inasmuch as they 
were derived after meticulous dissection of 
the lower limbs. 

In the 1,700 tuberculous cases which 
came to autopsy, pulmonary embolism 
and/or peripheral venous thrombosis oc- 
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curred in thirty-six (2.1 per cent). This is a 
startlingly low figure and confirms the 
previous studies of Peck and Willis.'® It 
indicates that pulmonary embolic phe- 
nomena, or the possibility thereof, occur 
much less frequently in tuberculosis than in 
non-tuberculous diseases. Invoking only the 
autopsy figures of this institution, we find 
that the incidence of thromboembolism in 
the tuberculous group was less than one- 
third of that in the non-tuberculous series. 
A comparison with the results obtained by 
Belt, Breslich and McCartney indicates that — 
the incidence of embolic insults and its pre- 
cursor, venous thrombosis, in tuberculosis 
was approximately one-fifth of their re- 
corded figures. This discrepancy is brought 
into even greater relief when the thirty-six 
cases are subjected to careful analysis. 
(Table 1.) 

Six cases developed thromboembolic fea- 
tures within twenty-one days of operation. 
In each instance death was due to post- 
operative embolism. The following cases 
are illustrative: 


Case 7. A thirty-five year old white male, 
presenting moderately advanced pulmonary 
disease, suffered severe diarrhea. An ileostomy 
was performed for irrigation purposes. Evidence 
of thrombosis of the left femoral vein was de- 
tected eighteen days postoperatively. Five days 


revealed thrombosis of the left femoral vein with 
large infarcted areas in the right and left lower 


8. A right upper-stage thoracoplasty 
was performed on a forty-four year old white 


2 


In the remaining four cases death followed 
the operations of thoracoplasty, spinal fusion, 


pneumonolysis and phrenemphraxis. 
In four instances the clinical picture of 


left chest and expired in a few hours. Autopsy 
lobes. 
became 
within a 
embolus 
e of the 
congestive heart failure was confirmed by 
autopsy findings. The following case illus- 
trates this group: 
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Case 15. A fifty-eight year old white male, 
with a history of pulmonary tuberculosis for 
thirteen years, was admitted to Fitzsimons 
General Hospital for shortness of breath and 
swelling of his legs. Physical examination re- 
vealed dyspnea, orthopnea, bilateral basal rales, 
hepatomegaly and marked peripheral edema. 
Digitalization resulted in considerable improve- 
ment during the first three months of hospitali- 
zation but thereafter the patient’s course was 
slowly downhill and he died five months after 
admission. At autopsy the only evidence of 
tuberculosis was the presence of an obsolete 
cavity at the left apex with a few satellite 
fibrotic tubercles in the immediate vicinity. The 
heart weighed 540 Gm. and exhibited marked 
myocardial fibrosis with evidence of an old 
infarct. The coronary arteries showed severe 
sclerosis and the liver was markedly congested. 
There was a small infarct in the right lower lobe; 
no evidence of venous thrombosis was found. 


The anatomic diagnoses in the other three 
cases of this group were: (1) arteriosclerotic 
heart disease with extensive myocardial 
fibrosis and coronary sclerosis; (2) chronic 
cor pulmonale (wall of right ventricle meas- 
ured 0.8 cm. in thickness; (3) chronic cor 
pulmonale and congenital heart disease 
with septal defect (wall of right ventricle 
measured 0.8 cm. in width). 

Inasmuch as this study is concerned only 
with thromboembolism in its relation to the 
use of bed rest in tuberculosis, the compli- 
cating features of the postoperative state 
and congestive heart failure are obvious. 
If these cases are withdrawn from the series, 
a total of twenty-six remain and the cor- 
rected figure for incidence is lowered to 
1.5 per cent. A further analysis reveals that 
of the twenty-six cases thromboembolism 
occurred as a terminal manifestation in 
twenty-two and in no way was related to 
the cause of death. In three cases the cause 
of death was a pulmonary embolic accident. 

The remaining case was that of a forty 
year old white male who presented a picture 
of superior vena cava obstruction. Dyspnea 
was the first symptom and was followed in 
a year by the appearance of dilated super- 
ficial veins over the trunk and upper ex- 
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tremities. Edema of the upper extremities 
supervened two years after the onset of the 
original symptom; edema of the lower ex- 
tremities and death soon followed. Autopsy 
revealed fibrocaseous tuberculosis of the left 
upper lobe with a large, tumor-like, tuber- 
culous mediastinal mass encircling and 
compressing the superior vena cava and 
producing thrombosis. A large infarct was 
found in the left lower lobe. This case, too, 
bears no direct relationship to the problem 
under discussion inasmuch as the patient 
was ambulatory during the first twenty 
months of his illness. In addition the throm- 
bosis was the direct result of the disease 
process in which massive tuberculous medi- 


_ astinal nodes compromised the lumen of the 


superior vena cava and actually invaded 
the wall of the vessel. As a result two factors 
commonly associated with the pathogenesis 
of thrombosis came into play, namely, 
damage to the wall of the vein and slowing 
of the blood stream. Nevertheless, the case 
is included in the series as similar cases 
occurred in the non-tuberculous group and 
are represented in the figures of that group. 

The average age of the group is 36.1 
years; if the postoperative and cardiac 
cases are excluded, the average age is 33.5 
years. This presents a marked contrast to 
figures previously published. Allen, Linton 
and Donaldson” found that 81 per cent of 
their series of 202 patients with thrombo- 
embolism were over forty. Barker and his 
associates?’ in an extensive statistical survey 
of postoperative thromboembolism noted 
that the majority occur between the ages of 
fifty and sixty-nine. Hermann” observed 
that the disturbance is rare in patients 
under thirty. In the present series of thirty- 
six cases however, eleven (30.5 per cent) 
occurred between the ages of twenty and 
twenty-nine, and twenty-one (58.3 per 
cent) occurred below the age of forty. The 
wide difference in age incidence is accentu- 
ated further when comparison is made with 
the Fitzsimons non-tuberculous group in 
which the average age was 51.1 years and 
only 17.5 per cent of cases occurred below 
the age of forty. (Table 1.) 
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Attention has been drawn repeatedly to 
the difficulty with which the source of em- 
bolism is demonstrated despite diligent 
postmortem search. Barker et al.?? noted 
that of 897 cases of pulmonary embolism 
clinical or autopsy evidence of venous 
thrombosis could not be obtained in 45.2 
per cent. Of the thirty-six cases of thrombo- 
embolism in tuberculous subjects there were 
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affirmed by the fact that the autopsies in 
both groups were performed under the 
same hospital regulations and by the same 
individuals. The significant conclusion from 
this observation would appear to be that in 
patients with congestive heart failure cardiac 


TABLE 
AGE DISTRIBUTION 


twenty-three instances of pulmonary em- 
bolism. Autopsy evidence of venous throm- Tuberculous | Non-tuberculous 
bosis was lacking in fifteen (65.2 per cent). Nisa Cite 
Of the 148 instances of thromboembolism No. Per No. Per 
in the comparable non-tuberculous group Cases | Cent | Cases | Cent 
of autopsies, 123 presented pulmonary em- 
bolic phenomena. Postmorten evidence of 10-19 0 0 5 2 
venous thrombosis in this series was lacking 20-29 11 30.5 14 9.5 
in 112 cases (91.1 per cent). The almost 30-39 10 27.8 9 6.1 
complete failure to locate the source of the 
embolus in the latter group of cases may be 60-69 1 2.7/| 21 14.2 
attributed to (1) the previously mentioned 70-79 0 0 8 5.4 
reluctance to perform extensive leg dissec- 
tion at this institution, and (2) the large 100-109 0 0 1 0.7 
number of cardiac patients which make up 
this series (Table m1) and, more particularly, we 
to the frequency with which cardiac mural Average Age 36.16 51.04 
thrombi were observed in this type of pa- 
TABLE Il 
INCIDENCE OF PREDISPOSING CONDITIONS 
Predisposing Conditions 
None 
Total No.| Cardiac | Postopera-|. Seate 
Type of Patients Disease | tive State | Carcinoma) Fractures 
embolism 

Tuberculous............. 36 11.1} 16.6] 0} O | 22| 61.1] 4] 11.1 
Non-tuberculous.......... 148 70 | 47.3 | 24| 16.2} 26| 17.6; 8| 5.4]; 18| 12.1; 2] 1.4 


tient. It is generally agreed that in cardiac 
patients mural thrombi may serve as an 
important source of embolization.*® This 
is suggested by the wide difference in the 
figures of the tuberculous and non-tubercu- 
lous groups. The validity of this discrepancy 
(91.1 per cent as opposed to 65.2 per cent) is 
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mural thrombi are a more important source 
of potentially lethal emboli than the venous 
channels of the extremities. 

In those instances in which evidence of 
venous thrombosis is detected, its location 
is usually in the lower extremities. In the 
thirty-six instances of thromboembolism 
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among tuberculous subjects the site of 
thrombosis, with or without embolism, is 
summarized in Table tv. The predilection 
of thrombosis for the lower extremities is 
evidenced by the fact that 76 per cent oc- 
curred at that site. In the non-tuberculous 


TABLE IV 
LOCATION OF THROMBOSIS 
Tubercu- 
lous Cases | “VOUS 
Cases 
Site 
Per Per 
No-! Cent | No Cent 
Left iliac vein.............. 7 28 | 14.7 
Left femoral vein........... 5 20 | 3 7.3 
Periprostatic plexus......... 2 8; 5] 12.3 
Superior vena cava......... 2 8 1 2.4 
Left renal vein............. 1 4| 0 0 
Left hypogastric vein........ 1 4; 0 0 
Left external saphenous..... . 1 4, 0 0 
Right external saphenous....| 1 Sis 7.3 
Right femoral vein.......... 1 4; 1 2.4 
Right iliac vein............ 1 4| 4 9.7 
Left common iliac vein...... 1 4; 6| 14.7 
Right common iliac vein..... 1 14.7 
Right popliteal vein......... 1 4; 0 0 
0 0; 2 4.9 
Left spermatic vein......... 0 0; 1 2.4 
Corpora cavernosa.......... 0 0 1 2.4 
Right median basilic vein.... 0 0 1 2.4 
Bilateral axillary and brachial 
0 0 1 2.4 
25; 100 | 41 | 100 


group in which thrombosis occurred in 
70.8 per cent the same preference for the 
lower extremities is noted. Although the 
leg veins are implicated in the great 
majority of cases, we cannot concur with 
Allen’s*' opinion that 95 per cent of throm- 
boses are located in the lower limbs. In 108 
cases of pulmonary embolism studied by 
Sagall et al.*? the source of the embolism 
was presumably from thrombosis of leg 
veins in ninety (83.3 per cent). That the 
source of embolization in a significant num- 
ber of cases is located in the pelvic and 
abdominal veins is well demonstrated in 
Table 11. 
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Homans** as well as Hampton et al.*4 
have discussed the obscure sources which 
may be responsible for pulmonary em- 
bolism. The latter group cited one instance 
of thrombosis of the periprostatic venous 
plexus. A glance at Table m1 reveals that 
venous thrombosis in this location occurred 
twice in the tuberculous series and on five 
occasions in the non-tuberculous series. It 
is of interest that in the two tuberculous 
cases the prostate was not involved in the 
tuberculous process. Hampton’s cases oc- 
curred in Army personnel and he empha- 
sized the possible réle of exertion and vigor- 
ous exercise in producing embolism from 
silent sources. This belief was supported by 
the fact that similar cases were rarely en- 
countered in civilian life in which the type 
of exercise is usually much less arduous. 
Both instances of periprostatic venous throm- 
bosis in the tuberculous series occurred in 
far advanced cases with serious extrapul- 
monary complications. Similarly, the five 
instances of periprostatic venous thrombosis 
in the non-tuberculous series occurred in 
cases of acute myelogenous leukemia, lym- 
phosarcoma of the stomach, fracture of the 
fifth cervical vertebra with contusion of the 
spinal cord, bronchogenic carcinoma and 
decompensated syphilitic heart disease, re- 
spectively. In other words, all seven patients 
had been bedridden for considerable periods 
of time. In only one instance did pulmonary 
embolism occur. This observation lends sup- 
port to the belief of Hampton et al.* that 
vigorous exercise plays an important réle in 
the production of emboli from obscure 
sources. Two additional obscure sites of 
thrombosis were located in (1) the left sper- 
matic vein occurring in a case of extensive 
fatal burns, and (2) corpora cavernosa of 
the penis complicating a case of chronic 
myelogenous leukemia. 

In view of Dock’s** indictment of bed rest 
in the production of thrombosis and the 
statement of Hunter and associates** that 
the common denominator in most cases of 
phlebothrombosis is confinement to bed, it 
would follow that there should be a direct 
correlation between the duration of bed 
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rest and the incidence of thromboembolism. 
A glance at Table 1 indicates that no such 
correlation exists. The duration of bed rest 
varied from two weeks to thirty-six months. 
The average period of bed rest for those 
patients in the third decade was 6.3 months, 
for those in the fourth decade 10.3 months 
and for those dying in the fifth decade 
5.4 months. 


COMMENT 


The relatively low incidence of thrombo- 
embolism in tuberculous patients appears 
to be established by this study. The reasons 
for this comparative insusceptibility are not 
clear. The factors commonly associated with 
the pathogenesis of thrombosis are (1) alter- 
ations in the wall of the vein, (2) alterations 
in the blood constituents and (3) slowing of 
the blood stream. No intimal changes have 
been described in tuberculosis except in 
those relatively infrequent instances in 
which the disease process actually involves 
the wall of the vein as exemplified by Case 
17. The suggestion that tissue damage is 
produced by prolonged pressure of the ex- 
tremity on the bed has been advanced by 
Dock® and Frykholm* and circumstantial 
evidence has been offered by Simpson** 
but no satisfactory objective proof of such 
has been forthcoming. 

Increase in the number of platelets as 
well as an increase in their agglutinability 
have been described in postoperative pa- 
tients.°* Aschoff*? attributed an impor- 
tant part to these factors in the pathogenesis 
of thrombosis. Thrombocytosis has not been 
described in the tuberculous patient treated 
with bed rest. 

Hyperprothrombinemia has been de- 
scribed by Shapiro** as being a frequent 
accompaniment of thromboembolism de- 
veloping after surgery. However, Cotlove 
and Vorzimer*‘ could find no evidence of 
increased prothrombin activity as a result 
of bed rest, nor was it influenced by the 
presence of congestive heart failure. The 
administration of digitalis has also been 
shown to have little or no effect on the 
prothrombin time and coagulability of 
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blood.**** Although the studies on pro- 
thrombin activity in tuberculosis are not 
many, they indicate that hypoprothrom- 
binemia rather than prothrombin hyper- 
activity exists in an appreciable number 
of cases. 

One of the earliest reports in the litera- 
ture dealing with prothrombin activity in 
tuberculosis is that by Scoz, Bergami and 
Castaldi*® which, together with the work of 
subsequent indicates that 
a prothrombin deficiency occurs in about 
one-third of tuberculous patients. The 
deficiency manifests itself especially in those 
patients with fever and other constitutional 
symptoms. In this group prothrombin 
deficiency may occur in 50 per cent of cases. 
This immediately raises the problem of 
whether a significant degree of hypopro- 
thrombinemia prohibits the occurrence of 
thrombosis. Some patients with advanced 
cirrhosis of the liver and with ulcerative 
colitis exhibit a severe hypoprothrombine- 
mia in spite of which thrombosis develops.*” 
While prothrombin is an important factor 
in the process of clotting, this mechanism 
may still operate in the presence of dimin- 
ished quantities of prothrombin. The im- 
portance of hypoprothrombinemia as the 
responsible agent for the low incidence of 
thromboembolism in tuberculosis remains 
to be determined. No reports on Bancroft’s 
plasma clotting index” in relation to bed 
rest in tuberculosis have appeared in the 
literature. As this test is really a measure 
of prothrombin activity, further studies 
along this line are indicated. 

Another factor which may operate to a 
greater degree than has previously been 
considered is the influence which altered 
blood volume may exert on the clotting 
mechanism. In an excellent study on the 
effect of three weeks’ bed rest on the blood 
volume of five normal individuals Taylor 
and his associates** observed an average loss 
in blood volume of 572 ml. (9.3 per cent). 
This was almost entirely accounted for by 
a contraction of the plasma volume of 518 
ml. (15.5 per cent). An additional study 
revealed that the blood volume change after 


724 
surgical repair of an inguinal hernia and 
three weeks’ bed rest in one man did not 
differ significantly from the changes ob- 
served in the same man after bed rest alone. 
This significant diminution in plasma vol- 
ume implies a relative increase in the formed 
elements of the blood as well as an increase 
in the blood viscosity. Here then is a factor 
which has not been studied sufficiently. 

If a three-week period of bed rest results 
in a significant lowering of blood and plasma 
volume and if such a phenomenon plays an 
important rdle in the production of throm- 
bosis, it follows that thrombosis should occur 
more frequently in tuberculous patients 
treated with bed rest than in any other 
group of individuals. It has already been 
demonstrated that the opposite is the case. 
The reason for this may lie in the relatively 
large quantities of fluids taken by the tuber- 
culous patient. The majority of patients at 
the Fitzsimons General Hospital drink about 
a quart of milk daily in addition to their 
extra fluid nourishments which are given 
three times a day. There is little doubt that 
the fluid consumption of the tuberculous 
individual is considerably higher than the 
normal healthy person, and much more so 
than the cardiac or postoperative patient. 

Of all the factors involved in the produc- 
tion of venous thrombosis, circulatory stasis 
has been given greatest emphasis. There- 
fore, bed rest with its resultant slowing of 
the blood stream has been severely impli- 
cated. The marked influence of circulatory 
stasis on thrombosis was quickly recognized 
by Rowntree, Shionoya and Johnson.*‘ 
These workers employed an extracorporeal 
cannula loop, the cannula being inserted 
into the carotid artery and the jugular vein 
of rabbits. They noted that anything which 
tended to retard circulation would hasten 
the process of thrombosis. 

Smith and Allen*® observed that 82 per 
cent of patients showed si nificant slowing 
of circulation in the foot to the carotid sinus 
pathway after operation. They believed 
that circulatory stasis plays a very impor- 
tant réle in the production of postoperative 
thrombosis. This was also emphasized ex- 
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perimentally by Rabinovitch and Pines*® 
who found it necessary to add stasis (by 
partial ligature of the vein) to the intimal 
damage produced by stretching the vein to 
insure thrombosis. Similarly, Moses found 
stasis a prerequisite for the consistent pro- 
duction of occluding thrombosis by the 
insertion of intravascular foreign bodies. 

Frimann-Dahl* determined the empty- 
ing time of the saphenous vein before and 
after operation and in patients who had 
been bedridden for long periods of time. 
He injected a small amount of opaque sub- 
stance into the saphenous vein and watched 
its disappearance under fluoroscopy. Nor- 
mally this took from five to thirty seconds. 
Bedridden patients, unless they had toxic 
thyroids, showed a retardation of one to 
two minutes; whereas after major abdomi- 
nal operations the emptying time was pro- 
longed from three and one-half to four 
minutes. In some cases the venous flow was 
practically stagnant up to the time the 
patient first became ambulatory. Frimann- 
Dahl also followed the respiratory excur- 
sions of the diaphragm before and several 
times after operation in twenty cases. He 
observed a marked reduction in the move- 
ments of the diaphragm following opera- 
tion. Nissen and Wustmann” determined 
the emptying time of the inferior vena cava 
before and after phrenicotomy and found 
that the time it took the contrast medium 
to disappear doubled after the diaphragm 
was paralyzed. 

It has been demonstrated that the reflex 
inhibition of respiration will temporarily 
obstruct the return flow of blood to the 
heart. Potts and Smith*®' noted that the’ 
blood flow from the inferior vena cava 
dropped almost to zero following over- 
inflation of the dog’s lungs. When the 
obstruction in the pulmonary bed was 
released, a* prompt and marked rise oc- 
curred in circulation. There can be little 
doubt that free and unhampered movement 
of the thorax plays an important réle in 
promoting the circulation of blood from the 
peripheral to the thoracic veins. Indeed, 
Ochsner® insists on the routine use of deep 
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breathing exercises postoperatively as a 
prophylactic measure against venous throm- 
bosis. Although the mechanics of respiration 
in many tuberculous patients are hampered 
by collapse measures, this is probably more 
than offset by their vigorous coughing. 
Even the patient with minimal disease 
raises all secretions from his tracheobron- 
chial tree because of his understanding of 
the benefits of proper drainage and the 
dangers of swallowed sputum. The act of 
coughing is followed by deep inspiration; 
repetition of this act several times daily 
with its increase in the negativity of intra- 
thoracic pressure furthers the flow of blood 
from the periphery to the heart. 

The importance of cough and its subse- 
quent deep inspiration may be reflected in 
the Jow incidence of pulmonary embolism 
following chest surgery. During the four- 
year period from November, 1942, to 
November, 1946, 2,247 chest surgical pro- 
cedures were performed on_ tuberculous 
patients at the Fitzsimons General Hospital. 
In only one instance did pulmonary em- 
bolism occur. It is a routine procedure on 


the Chest Surgical Service following opera- . 


tion to have the patient cough vigorously 
every two hours as soon as consciousness has 
been rezgained.** While this procedure has 
as its primary aims the rapid re-expansion 
of lung and the proper cleansing of the 
tracheobronchial tree, it serves a secondary 
purpose in the maintenance of adequate 
blood flow from the periphery to the thorax. 

Much attention has been focused on the 
dangers of the Valsalva experiment (forced 
expiration against a closed glottis) in the 
presence of venous thrombosis.** However, 
scant notice has been paid to the converse 
experiment of Mueller (forced inspiration 
with a closed glottis), the powerful suction 
effect of which may produce a fall of 50 mm. 
of water on the venous pressure of a periph- 
eral vein.** The Mueller procedure is 
probably used by most tuberculous patients 
immediately upon awakening. Although the 
glottis is not completely closed during this 
act, it certainly is narrowed during the 
inspiratory phase necessary to suction secre- 
AMERICAN JOURNAL OF MEDICINE 
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tions down from the nasopharynx and 
sinuses. 

An additional factor in the etiology of 
thrombosis has recently arisen as a result 
of the work of Finland and his co-workers. 
These observers noted that a number of 
patients with primary atypical pneumonia 
with high titers of cold hemagglutinins 
developed phlebothrombosis and pulmon- 
ary emboli. Although the presence of cold 
hemagglutinins in low titer is frequently 
found in other respiratory infections, large 
amounts are rarely observed except in 
primary atypical pneumonia. While the 
development of thrombosis in this disease 
may depend, in part, on the presence of 
cold hemagglutinins in high titer, it is 
unlikely that the latter phenomenon plays 
an outstanding réle in the overall picture 
of thrombosis. Certainly its importance in 
tuberculosis is negligible. Siffert and Kraut- 
man*® observed that of eighty-two tubercu- 
lous patients, seventeen showed the presence 
of iso-agglutinins in 1:4 dilution. However, 
none showed a titer high enough to be 
significant. 

It is obvious from this review of the 
etiologic factors in the production of throm- 
bosis that no satisfactory reason has been 
found to explain the low incidence of 
thromboembolism in tuberculosis. Although 
low prothrombin, increased fluid intake, 
frequent cough and indulgence in the Muel- 
ler experiment may individually contribute 
in some measure to the low incidence, the 
extent of these contributions is pure con- 
jecture. The only objective difference be- 
tween the tuberculous and non-tuberculous 
groups is that of age. Tuberculous patients 
at the Fitzsimons General Hospital are 
naturally drawn from military personnel on 
active duty; the great majority are in their 
third and fourth decades. It is quite possible 
that figures from a civilian tuberculosis 
institution, where a larger proportion of 
patients are in the older age group, would 
show an incidence of thromboembolism 
more comparable with that reported for 
non-tuberculous patients. However, the 
figures reported by Peck and Willis’? from 
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Maybury Sanatorium that evidence of pul- 
monary embolism was obtained in only 
eleven (1.5 per cent) of 751 autopsied cases 
suggests that civilian experience is similar 
to that reported in this paper. 

From this study, two significant con- 
clusions may be drawn: (1) Thrombo- 
embolism is not a threat to the life of the 
tuberculous individual and (2) it follows as 
a natural corollary that the dangers of bed 
rest in tuberculosis as related to thrombo- 
embolism are minimal and cannot be used 
as a basis for argument against this thera- 
peutic agent. A clear demonstration of the 
value of strict bed rest in the treatment of 
tuberculosis has been presented by Amber- 
son.** Until a study comparable to his in 
number of patients and length of follow-up 
observations is presented, and in which it is 
definitely shown that equally good results 
are obtained without the use of strict bed 
rest, the latter measure should remain the 
foundation of tuberculosis therapy. 


SUMMARY 


1. The danger of thromboembolism has 
been used by some internists and phthisi- 
ologists as an argument against the applica- 
tion of strict bed rest in the treatment of 
tuberculosis. 

2. A review of 3,672 autopsies at Fitz- 
simons General Hospital of which 1,700 
were on tuberculous subjects reveals an 
uncorrected incidence of thromboembolism 
in the tuberculous group of 2.1 per cent and 
a corrected incidence of 1.5 per cent. This 
incidence is less than one-fifth of the figures 
reported in the literature for non-tuber- 
culous diseases. In only three cases could 
the cause of death be ascribed to a pulmon- 
ary embolic accident. 

3. The suggestion is presented that in 
cardiac patients mural thrombi may be a 
more important source of emboli than the 
peripheral venous channels. 

4, The etiologic factors in the production 
of thrombosis are discussed. Further studies 
on prothrombin content, blood volume and 
peripheral blood flow in relation to tuber- 
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culosis, bed rest and thromboembolism are 
indicated. 

5. Thromboembolism does not constitute 
a significant threat to the life of the tuber- 
culous individual who is being treated with 
strict bed rest. 


Thanks are due to Colonel H. W. Mahon, 
M. C., Chief of Laboratory Service, for the use 
of his very excellent autopsy material, and to 
Colonel W. C. Pollock, M. C., Chief of Tubercu- 
losis Section, for his assistance in the preparation 
of this paper. We are also indebted to Dr. James 
J. Waring of the University of Colorado School 
of Medicine for his helpful criticisms. 
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Paroxysmal Hypertension Associated with 
Tabes Dorsalis’ 


Report of Three Cases 


Ivan L. BENNETT, JR., M.D. and ALBERT HEYMAN, M.D. 
Allanta, Georgia 


HE syndrome of paroxysmal hyper- 

tension is characterized by sudden, 

spontaneous rises in arterial blood 
pressure; between paroxysms the pressure 
is normal or only slightly elevated. The 
periods of hypertension may or may not be 
associated with symptoms. In the minds of 
many physicians paroxysmal hypertension 
is synonymous with pheochromocytoma, .a 
tumor of the adrenal medulla.'*? There are, 
however, several other conditions which 
may be accompanied by similar wide 
variations in arterial pressure. They include 
eclampsia, lead colic, the abdominal angina 
of Nothnagel, cerebral tumor and _ tabes 
dorsalis.* 

The occurrence of paroxysmal hyperten- 
sion in patients with tabes dorsalis seems to 
have received little attention in recent 
years. Although there are a few brief refer- 
ences to this association in various textbooks 
and monographs,*~* we have not been able 
to find any clinical studies of this condition 
in the literature since 1911. 

In 1903 Pal made the observation that 
occasionally the gastric crises of tabes were 
accompanies by sudden rises in arterial 
pressure.’ He attempted to differentiate 
between the “grand gastric crisis” of tabes, 
which consisted of hypertension, pain, 
nausea and vomiting, and the milder types 
of abdominal and visceral episodes. In 
1905 he published a monograph on vascu- 
lar crises'® which contained observations 


on eighteen patients with tabetic gastric 
crises. Twelve of these eighteen patients 
had marked rises in blood pressure accom- 
panying the crises. Pal postulated that the 
hypertension was the precipitating factor 
in these cases. According to his theory the 
first event is a sudden splanchnic arteriolar 
spasm caused by a reflex from irritation of 
the dorsal root fibers. This is followed by 
dilatation of the vessel segments proximal 
to the constriction which stretches the nerve 
plexuses in the vessel walls and causes the 
agonizing abdominal pain. Pal supported 
this theory by the observation that in other 
types of severe abdominal pain (excepting 
lead colic), such as biliary or renal colic, 
there was no remarkable rise in blood 
pressure. He also noted that reduction of 
blood pressure by means of amyl nitrite, 
warm baths, and in one patient by an 
attack of paroxysmal tachycardia, invari- 
ably relieved the pain until the pressure 
again mounted. He pointed out that mor- 
phine relieved the pain but had no effect 
on the hypertension. In all of the patients 
with lightning pains in the legs whom he 
observed, the blood pressure remained 
normal or dropped slightly. 

In 1908 Heitz and Norero reported 
attempts to confirm Pal’s observations."' 
Taking blood pressure readings four times 
daily, they followed six patients with tabes 
for a three-month period. Four of their 
patients were found to have the grand 


* From the Medical Service of Grady Hospital and the Department of Medicine, Emory University School of 
Medicine, and the Clinic for Genitoinfectious Diseases, Georgia Department of Public Health, Atlanta, Ga. Aided 


by a grant from the U. S. Public Health Service. 
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gastric crises described by Pal but in these 
cases the onset of the abdominal pain and 
nausea invariably preceded the rise in 
blood pressure. They concluded that al- 
though the vasoconstrictive phenomenon 
was associated with the grand gastric 
crises, it was secondary to the pain. They 
attributed the pain to irritation of the 
posterior spinal roots, with accompanying 
motor reflexes (vomiting, constipation) and 
vasoconstrictive reflexes (hypertension). 

In 1910 Barker described a patient with 
tabes who had severe gastric crises accom- 
panied by marked rises in blood pressure.'* 
In this patient the inhalation of amy! nitrite 
caused the blood pressure to fall to normal, 
with temporary amelioration of the symp- 
toms of the gastric crisis. In 1911 lozefovich 
and Lifshits reported a patient in whom 
gastric crises were associated with hyper- 
tension and agreed in general with Pal’s 
conclusions.'* In the same year Claude and 
Cotoni described another patient in whom 
the same parallelism between variations in 
blood pressure and gastric symptoms was 
observed.'* They noted on one occasion 
that an injection of epinephrine precipi- 
tated a typical gastric crisis with hyper- 
tension which lasted six days. Measures 
which lowered the blood pressure also af- 
forded temporary relief of pain and nausea 
in this patient, and Claude and Cotoni 
concluded that Pal was probably correct 
in placing the pain and nausea secondary 
to the hypertension. 


In 1916 Nuzum reviewed the records of © 


1,000 patients with tabes from the Cook 
County Hospital.'® Referring to Barker, 
Nuzum simply states that blood pressure 
may be elevated during gastric crises but 
there is no mention of it in his own cases. 
In a report of three cases of tabetic gastric 
crisis in which relief of symptoms had 
been obtained by neurosurgical procedures, 
Shawe in 1921 described one patient in 
whom a gastric crisis with hypertension was 
precipitated by the subcutaneous injection 
of epinephrine.'’® This crisis lasted forty- 
eight hours during which relief of symptoms 
was afforded by inhalation of amyl nitrite. 
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Guiraud and Boittelle'’ have recently 
reported a case of taboparesis complicated 
by aortic insufficiency and hypertension 
which was associated with epileptiform 
seizures, transient aphasia and hemiplegia. 
During these episodes the patient’s blood 
pressure was sometimes too high to be re- 
corded. There is no mention of gastric 
symptoms. Although this may represent an 
example of the parosyxmal hypertension of 
tabes, the presence of pre-existing hyper- 
tension makes it difficult to be certain. 

The purpose of the present article is to 
report three additional cases of paroxysmal 
hypertension associated with tabes dorsalis. 
It seems important that this association be 
appreciated not only in connection with 
the management of tabes dorsalis but 
especially to avoid unnecessary surgical 
exploration of the adrenals. 


CASE REPORTS 


Case 1. H. M. S., a fifty-one year old white 
man, was admitted to Grady Hospital on August 
3, 1945, complaining of attacks of nausea and 
vomiting. Since 1935 he had had attacks of 
vomiting associated with palpitation, weakness 
and profuse sweating but unaccompanied by 
abdominal pain, diarrhea or fever. These epi- 
sodes had become increasingly frequent and 
severe in the preceding ten months. They often 
lasted from two to seven days and, on one oc- 
casion, the patient remained in bed for as long 
as three weeks. Although barbiturates afforded 
temporary relief, atropine and other belladonna 
derivatives had always aggravated his nausea 
and palpitation. The patient stated that his 
blood pressure had been normal until 1935. 
Since then he had been told that his blood 
pressure was usually over 200 during the periods 
of vomiting and on several occasions it was as 
high as 260 or 280. Between attacks it had ranged 
from 115 to 140. During the ten years prior to 
admission the patient had had four episodes of 
convulsions followed by unconsciousness, and 
he maintained that these were caused by laxa- 
tives given during attacks of vomiting. For three 
years he had noticed that his gait had become 
progressively unsteady and he had experienced 
attacks of severe, spontaneous, burning pain 
over the left anterior thigh. For several years he 
had had increasing nocturia and dribbling in- 
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continence of urine. He had been catheterized 
on several occasions for urinary retention. 

The patient stated that in 1918 he had several 
small penile lesions which healed promptly after 
one intravenous injection of salvarsan. There 
were no other symptoms suggestive of early 
syphilis. In 1942 his Kahn test was positive and 
in 1943 he received weekly injections of trypar- 
samide for a period of ten months. In January, 
1945, he was given twenty-four hours of fever 
therapy in a hypertherm at another hospital. 

On admission the chief findings on physical 
examination were as follows: Blood pressure 
was 138/80. The pupils were miotic and did not 
react to light but the accommodation reflex was 
normal. The visual fields were normal and the 
ocular fundi showed normal discs, with mild 
arteriosclerotic changes but without hemor- 
rhages or exudates. The heart and abdomen 
were normal. The deep tendon reflexes were 
hypoactive and the ankle jerks were absent. The 
Romberg test was questionably positive. Position 
and vibratory sensations in the lower extremities 
were normal. There was no postural hypotension. 

Kidney function as measured by urinalysis, 
phenolsulphonphthalein excretion, non-protein 
nitrogen and concentrating ability was normal. 
Blood glucose during an attack was 99 mg. per 
cent. The result of the Kahn test was doubtful. 
The spinal fluid contained 2 lymphocytes per 
cu. mm., 37 mg. per cent protein and a 4 plus 
Wassermann with 1 ml. of fluid. 

On the second hospital day an attack of hyper- 
tension, nausea and vomiting was induced at 
the suggestion of the patient by giving him a 
laxative containing cascara. Six hours after 
ingestion of the drug the patient became pale, 
perspired profusely and complained continu- 
ously of nausea and palpitation but not of pain. 
His blood pressure rose to 260/170. The pupils 
became widely dilated but did not react to 
light. No change was noted in the fundal vessels 
nor was there any change in heart sounds or 
pulse rate. The intravenous administration of 
sodium amytal by slow infusion alleviated his 
discomfort and the symptoms subsided after 
three days. 

It was thought that the patient had a pheo- 
chromocytoma and he was transferred to the 
Urologic Service. Although attempts to visual- 
ize an adrenal tumor by x-ray were inconclusive, 
bilateral adrenal exploration was done; no tumor 
was found. Tissue was removed from each 
adrenal gland and was found to be normal. The 
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patient recovered uneventfully from the opera- 
tion but continued to have attacks of hyperten- 
sion, nausea and vomiting. (Fig. 1.) A histamine 
test for pheochromocytoma was negative.'* The 
patient began to lose weight and appeared to 
be failing progressively. It was decided to treat 
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Fic. 1. Blood pressure curve in Case 1 for six days. 
During this period the patient received no medica- 
tion and except for one episode of nausea and palpi- 
tation on the second day was asymptomatic. 
his neurosyphilis with penicillin and he was 
given 3 million units of sodium penicillin over 
a period of fifteen days. Shortly thereafter he 
began to gain weight and the attacks occurred 
less frequently. When discharged from the 
hospital on February 16, 1946, he had gained 
28 pounds. The patient subsequently was able 
to return to work as a carpenter and did not 
return for follow-up examination. When last 
heard from ten months after leaving the hos- 
pital, he reported he had had no further attacks. 
Case u. M.H.M., a thirty-seven year old 
white man, was admitted to the Surgical 
Division of Emory University Hospital on 
October 8, 1946, for bronchoscopy because of 
an episode of hemoptysis three months previ- 
ously. Roentgenograms of the chest and routine 
laboratory studies in the Out-patient Clinic 
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were normal and his blood pressure was re- 
corded as 120/80 and 114/82. At the time of 
admission to the hospital, however, his blocd 
pressure was 300/190 and he was transferred to 
the Medical Service for study. 

The patient had never been told previously 
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Fic. 2. Blood pressure curve for one week in Case 1. 
The patient received no medication and was asympto- 
matic throughout this period. 


that he had high blood pressure. For about two 
years he had had what he described as “‘flying 
pains” in his legs. These were sharp and lan- 
cinating, radiating from thighs to heels and 
occurring mostly at night. He had also noted 
increasing nervousness, occasional episodes of 
blurred vision and dull frontal headache. There 
had been no symptoms of cardiac decompensat 
tion and no symptoms referable to gastroin- 
testinal or urinary tracts. In 1931 the patient 
had a painless penile ulcer which was diagnosed 
as a chancre. He was treated sporadically for 
three years with approximately eighteen arseni- 
cal and twenty-four bismuth injections. Re- 
peated serologic tests for syphilis thereafter had 
been negative. He had never had a spinal fluid 
examination. 

Physical examination on admission revealed 
unequal pupils, the right being larger than the 
left. The right pupil reacted sluggishly to light, 
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the left not at all. Reaction on accommodation 
was normal. The ocular fundi, heart and ab- 
domen were normal. The Romberg test was 
negative but knee and ankle jerks were absent. 
There was no evidence of postural hypotension. 

Kidney function as tested by urinalysis, 
phenolsulphonphthalein excretion, non-protein 
nitrogen and concentrating ability was normal. 
The Kahn test was negative. Examination of 
the spinal fluid revealed 65 lymphocytes per 
cu. mm., 72 mg. per cent protein and positive 
Kahn and Kolmer reactions. Skull films and 
pyelograms were normal. 

On the day after admission the patient’s 
blood pressure dropped to 128/80 but repeated 
examinations showed a variation from 90/55 to 
230/135. (Fig. 2.) At no time did the patient 
have any symptoms associated with these varia- 
tions in blood pressure. Attempts were made to 
induce paroxysms of hypertension, but the 
administration of laxatives, intravenous injec- 
tion of typhoid vaccine, subcutaneous injection 
of 1 mg. of epinephrine and brisk exercise all 
failed to raise the pressure more than momen- 
tarily. A cold pressor test gave negative results 
as did the intravenous injection of histamine, 
hyperventilation and massage of the kidney 
areas. 

The patient was treated with 6 million units 
of sodium penicillin over a period of thirteen 
days and discharged on November 15, 1946. 
He returned on January 6, 1947, at which time 
he reported that he had had no more lightning 
pains and that his nervousness was much im- 
proved. His blood pressure, however, was 
196/140 on that day. 

Case 11. B. R., a forty-two year old white 
woman, was admitted to Grady Hospital in 
December, 1946, with the diagnosis of a bleeding 
marginal peptic ulcer. Three days prior to ad- 
mission the patient developed epigastric distress 
and nausea followed by hematemesis and 
melena. Eight years previously she had had a 
posterior gastroenterostomy for a duodenal 
ulcer with obstruction and bleeding. 

In 1923 the patient was found to have a 
positive serologic test for syphilis and was given 
antisyphilitic therapy for six months. Following 
this treatment her serologic test became nega- 
tive and she was dismissed as cured. In 1938 
she began to have attacks of severe shooting 
pain in her lower extremities. She also de- 
veloped urinary frequency and involuntary 
micturition. 


AMERICAN JOURNAL OF MEDICINE 


| 
= 
200} 
| 
| q 
140 /\ 
| 
he | 


Paroxysmal Hypertension—Bennett, Heyman 


The patient had known for six years that her 
blood pressure was occasionally elevated al- 
though most of the time it was normal. In 
1944 she was told by her physician that she had 
menopausal hypertension and she was given 
numerous injections of ‘ovarian extract’”’ with- 
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on accommodation. Knee jerks -were hypo- 
active, ankle jerks were absent and the Romberg 
test was positive. There was no postural hypo- 
tension. There was no cardiac enlargement and 
no evidence of vascular disease on ophthalmo- 


scopic examination. 


Fic. 3. Blood pressure curve for one week in Case m. The patient received no medication and was asymptomatic 


throughout this period. 


Fic. 4. Blood pressure record for twenty-four hours after operation (subtotal gastrectomy) in the third patient. 
Note that the variations in pressure were accompanied by no changes in pulse rate. There was no change in the 


patient’s clinical condition with these variations. 


out effect. The patient had been examined in 
the Out-patient Clinic at Grady Hospital with 
varying minor complaints since 1934 and the 
following blood pressures had been recorded: 
130/84, 165/120, 200/140, 170/110, 110/70, 
140/90, 126/90, 150/100 and 140/96. Although 
her hypertension was occasionally accompanied 
by lightning pains, there was usually no associa- 
tion noted. The serologic test for syphilis was 
negative in 1935, 1938 and 1944. At no time 
had she had any symptoms suggestive of a 
tabetic gastric crisis. Her duodenal ulcer was 


asymptomatic most of the time. 

Shortly after entering the hospital the patient 
began to complain of lancinating leg pains. 
Neurologic examination revealed miotic pupils 
which were fixed to light but reacted normally 
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Kidney function as tested by phenolsul- 
phonphthalein excretion, urinalysis, intravenous 
pyelograms and concentrating ability was 
normal. Roentgenographic examination of the 
skull was normal. The Kahn test was negative. 
Spinal fluid examination revealed no cells, 
normal protein and a 4 plus Wassermann with 
1 ml. of fluid. The patient was treated with 
4 million units of penicillin over a period of 
ten days. Her blood pressure was recorded at 
regular intervals during this time and showed 
variations from 115/85 to 240/150. (Fig. 3.) 
There was no apparent change following 
penicillin. On January 21, 1947, a subtotal 
gastric resection was performed. The post- 
operative course was smooth except for wide 
variations in her blood pressure. (Fig. 4.) 
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Subsequent to operation it was found that a 
cold pressor test, exercise, subcutaneous epine- 
phrine and hyperventilation did not influence 
the blood pressure. The intravenous injection 
of histamine also failed to precipitate a paroxysm 
of hypertension. She was discharged on Febru- 
ary 15, 1947, asymptomatic except for rare 
attacks of lightning pains. 


COMMENT 


It seems important to recognize that 
tabes dorsalis can cause paroxysmal hyper- 
tension. Unfamiliarity with this association 
led to a needless surgical exploration for a 
pheochromocytoma in the first case pre- 
sented here. 

The previous reports of this syndrome 
have stressed the association of hypertension 
with gastric crises. Gastric crises were 
present in only one of our patients, and in 
this instance the attacks consisted only of 
nausea and vomiting unaccompanied by 
pain. In the second patient the hyperten- 
sion was entirely asymptomatic. In the 
third patient the paroxysms of high blood 
pressure were not accompanied by symp- 
toms except for occasional association with 
lightning pains. 

Although penicillin therapy appeared 
to have a beneficial effect on the hyper- 
tensive crises in the first patient in this 
series, there was no evidence that it was 
effective in the other two patients. 

We were unable to find any certain 
means of precipitating hypertension in 
these patients. The histamine test for pheo- 
chromocytoma was uniformly negative. 
The production of gastric crises in the first 
patient with the use of laxatives is of interest 
and has been noted previously.* Because of 
this lack of a controlled trigger mechanism, 
it was not possible to carry out satisfactory 
studies of the circulatory changes associated 
with the rises in blood pressure. It would 
be of interest to determine whether an 
elevation in right ventricular pressure 
accompanied the attacks since this might 
indicate an abnormal epinephrine mech- 
anism as an etiologic factor.'® For the 
present we can only attribute the attacks to 
some disturbance of autonomic function. 
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Similar attacks of paroxysmal hypertension 
have been observed in patients with par- 
aplegia who develop mass sympathetic 
crises.”° 

The present observations indicate that 
hypertensive crises in patients with tabes 
are not associated only with gastric crises 
but may occur without other symptoms. 
This leads us to believe that paroxysmal 
hypertension is simply one of the disturb- 
ances of the autonomic nervous system that 
may occur in tabes dorsalis. 


CONCLUSIONS 


Three patients with paroxysmal hyper- 
tension, associated with tabes dorsalis, are 
reported. Although this association was 
recognized many years ago, it has received 
little attention in recent medical literature. 
Its recognition is important, not only in the 
management of tabes dorsalis but also in 
avoiding needless surgical exploration of 
the adrenal glands. | 


ADDENDUM 


Since this paper was submitted for publica- 
tion, our attention has been called to several 
other patients who have had paroxysmal hyper- 
tension associated with tabes. Rowntree and 
Ball (Endocrinology, 17: 263-299, 1933) reported 
a patient with tabes in whom the suspected 
adrenal tumor was found neither at operation 
nor at autopsy. Adrenal exploration was also 
performed in a woman with fixed pupils and a 
history of syphilis in whom marked elevation of 
blood pressure occurred during tabetic crises 
(personal communication, Dr. Augustus S. 
Rose, Boston). This patient also had a bilateral 
splanchnicectomy without any change in blood 
pressure when last seen. A third patient with 
severe tabes was recently seen at Duke Uni- 
versity Hospital and demonstrated both paroxys- 
mal hypertension and postural hypotension 
(personal communication, Dr. John Hickman, 
Durham). 
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Review 


Cardiac Pain’ 
Present Status of Its Mechanism and Therapy 


Seymour H. RINZLER, M.D. 
New York, New York 


HE association of pain in the chest 

with heart disease is mentioned in 

the memoirs of the Earl of Claren- 
don in 1632.! Willius and Dry? record two 
other early references to this correlation.*‘ 
William Heberden* was the first to describe 
‘dolor pectoris” as a “‘disorder of the breast 
marked with strong and peculiar symp- 
toms ... the seat of it, and sense of 
strangling, and anxiety with which it is 
attended, may make it not improperly 
called angina pectoris.”” However, Heber- 
den never truly discerned that the heart 
was the organ responsible for the seat of 
origin of this pain and it remained for 
Jenner® in 1799 to demonstrate a causal 
relation between the two. Although Black’ 
published this clinical observation before 
Jenner, it is known that Jenner had related 
pain in the chest to heart disease in his 
friend, Hunter, in 1772. 

It was not until about 150 years later that 
James B. Herrick’s description of coronary 
thrombosis in 1912® made this disease a 
recognized clinical entity. ‘I have seen five 
other cases that I am convinced were 
instances of coronary thrombosis, the pa- 
tients living many hours after the accident, 
though no autopsy control confirms this 
opinion. All were men beyond 50. In all 
there was some evidence of peripheral 
arteriosclerosis; all had had previous anginal 
attacks. In all, the final attack was de- 
scribed as the severest and most prolonged 
in the experience of the patient. Morphine 
alone had given relief.” 


MECHANISMS 


The aims and results of therapy for 
cardiac pain are directly linked to the 
mechanism for initiation and maintenance 
of such pain. It follows then that this 
review must begin with the present status 
of our knowledge in regard to nerve path- 
ways for the conduction of pain impulses 
from the heart. 

Afferent Pathways for Cardiac Pain. The 
afferent pathways for pain from the heart 
begin in the sensory nerve endings which 
are present in the adventitia of the coronary 
arteries and questionably in the myo- 
cardium, endocardium and epicardium.*!° 
The nerve fibers from these receptors collect 
in the superficial and deep cardiac plexuses. 
They travel centrally by way of the middle 
and inferior cardiac nerves to the cervical 
sympathetic ganglia, and by way of the 
thoracic cardiac nerves to the upper four 
or five thoracic sympathetic ganglia.!3~"” 
Since there are no white rami which connect 
the cervical sympathetic chain and the 
spinal cord, it had been generally assumed 
that these cardiosensory fibers must pass 
down the sympathetic chain to the upper 
thoracic sympathetic ganglia and from 
there proceed through the white rami 
communicantes of the first thoracic and 
upper four or five intercostal nerves to 
reach their cell bodies in the posterior root 
ganglia. Thus, the first neuron in this 
afferent system has its cell origin in the 
dorsal root ganglion and its synapse in the 
dorsal horn. 


* From the Cardiovascular Research Unit of Beth Israel Hospital, New York, N. Y. 
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Wolff and Hardy'® trace noxious im- 
pulses giving rise to pain after entering the 
cord as follows: “‘they are conveyed across 
to the opposite side where their pathways 
are localized in the antero-lateral portion 
‘of the spinal cord. The fibres of the spino- 
thalamic tract pass into the nucleus centralis 
posterior of the thalamus. They do not 
terminate in any of the adjacent nuclei nor 
go into the anterior portion of the thalamus. 
The cortical projection from the nucleus 
centralis posterior is predominantly to the 
post-central convolution. There is in this 
projection a definite topical organization 
so that those fibres from the medial portion 
of the nucleus (cephalad parts of the body) 
end in the lower part of the gyrus; those 
from the lateral portion (caudad parts of 
the body) in the paracentral region; and 
those from the middle, in the intermediate 
region.” 

Surgical interruption of the cardiosensory 
tracts at various levels is based on an under- 
standing of these pathways. 

Somatic Reference of Cardiac Pain. Pain 
which originates in the heart is known to be 
commonly referred to the jaw, neck, chest, 
to either shoulder or arm down to the finger- 
tips, to the back and to the epigastrium. 

The theories concerning the mechanism 
of the production of referred pain apply to 
that from the heart just as from other 
viscera, namely, referred pain is due either 
to poor localization by the cerebral cortex 
or to an “‘irritable focus” in the spinal 
cord.'* Lewis” is the chief proponent of the 
first of these two theories. He states that 
segmental reference of visceral pain is due 
simply and entirely to the poor localizing 
powers of the brain. “And it may be 
regarded as natural enough that the general 
reference should be to regions that are 
relatively superficial, regions from which 
we are habitually receiving sensory impres- 
sions and which are endowed with some 
positional sense.” 

The irritable focus theory, which is that 
of the school of Ross, Head and Mac- 
Kenzie,**~** holds that painful visceral 
impulses on reaching the spinal cord set 
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up a disturbance or irritable focus which 
extends to nerve fibers from the body sur- 
face. Since sensation from the body surface 
is the more highly developed, pain is then 
referred to the periphery from which painful 
stimuli are usually initiated. 

Mention has been made recently of. some 
of the pathways for segmental reference of 
pain from the heart to the periphery. In- 
volvement of the lower jaw and teeth in 
referred pain of cardiac origin is explained !® 
by the spread of pain impulses from the 
thoracic segments headward so as to ‘‘seem 
to arise within the structures supplied by 
the lower cervical segments.”’ This involves 
the cervical dorsal horn and the descending 
nucleus of the trigeminal nerve. 

Judovich** believes that the common 
afferent pathway for referred pain from the 
heart is the phrenic nerve which originates 
from segments C3, Cy, and Cs. Thus, so- 
matic structures similarly innervated by 
these segments will be involved in the zone 
of reference. This would include many of 
the muscles of the shoulder girdle and upper 
extremity. Stimulation of the phrenic nerve 
would result from pericarditis which accom- 
panies acute myocardial infarction. 

Roberts*”* postulates a common segmental 
origin for the vasomotor ‘nerves in the walls 
of the blood vessels which supply the cardiac 
nerves and for the branches of the brachial 
plexus. Ischemia or disease involving the 
blood supply to the cardiac nerves may by 
reflex cause vasospasm in the nerves of the 
precordium and upper limb and serve as 
the mechanism for referred cardiac pain. 

While it is understandable that a con- 
tinued reference of pain would occur in the 
presence of an active visceral lesion, per- 
sistence of pain in the chest when painful 
visceral impulses no longer are present 
needs elucidation. Rinzler and Travell*® 
explain this persistence of pain in somatic 
structures by the following: the initial 
insult to the heart leads to the development 
of somatic trigger areas within the “refer- 
ence zone” of the visceral lesion. Even 
though the noxious impulses from the 
primary source in the heart may cease, pain 
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in the chest continues because of an auto- 
genic cycle of nerve impulses maintained 
by the secondary sources in the somatic 
structures. This theory serves to elucidate 
the mechanism for persistent chest pain 
postinfarction and for establishment of the 
‘frozen shoulder’? syndrome seen in coro- 
nary artery disease. Elimination of the 
trigger areas and pain by local infiltration 
of procaine hydrochloride or local spray 
with ethyl chloride adds weight to this 
concept of referred pain. This will be dis- 
cussed in detail later. 

Experimentally Induced Cardiac Pain. The 
stimulus for cardiac pain has been variously 
attributed to: (1) distention of the coronary 
arteries or aorta, (2) anoxia of the myo- 
cardium (dependent on a reduced blood 
flow through the coronary arteries), (3) 
accumulation of metabolites of muscular 
contraction. 

Distention: In 1924, Wenckebach?’ pos- 
tulated that sudden distention of the aorta 
or distention of the coronary arteries 
proximal to the point of occlusion stimulated 
the nerve plexus in the adventitia of the 
vessels. This idea was extended by Martin 
and Gorham” who obtained typical pain 
responses in dogs (increase in heart rate, 
dyspnea and movement of the left foreleg) 
when tridirectional tension in one plane was 
applied to the coronary vessels in such a 
manner as to cause no change in blood 
flow. The proposition that arterial disten- 
tion in a viscus may be the seat of pain has 
been given weight by the work of Wolff”? 
who demonstrated that intracranial arterial 
distention gave constant patterns of referred 
pain in the head. 

Anoxia: Keefer and Resnik* in a 
paper on angina pectoris suggested that this 
symptom ‘“‘was due to anoxemia of the 
myocardium, that is, the attacks occur when 
the oxygen supply to the heart is inadequate 
to meet the oxygen demands of the heart.”’ 
Sutton and Lueth*! provided experimental 
data to support the anoxia theory in a 
study on dogs in which a ligature was 
placed around the left anterior descending 
branch of the coronary artery and the chest 
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wall was closed. Pulling on the vessels 
temporarily reduced the blood flow and 
resulted in pain. They disagreed with the 
distention theory by showing that the 
closure of the coronary artery orifice in 
the aorta produced pain without distention. 
Also, acute mechanical distention of the 
aortic arch, aortic ring and cavity of the left 
ventricle did~ not produce pain. White, 
Garrey and Atkins** used a similar type of 
animal preparation and were able to 
confirm the experiment of Sutton and 
Lueth. Blumgart**® concluded, on the basis 
of his extensive pathologic experience with 
human hearts, that the ischemic theory for 
cardiac pain is a correct concept. 

Metabolite Accumulation: In 1932, Lewis** 
postulated that in attacks of angina pec- 
toris a condition of relative work-ischemia 
occurs because of limited blood flow with 
the accumulation of a ‘“‘P’”’ substance which 
initiates the painful stimuli. In normal 
conditions the ‘‘P”’ substance produced by 
muscular effort is removed by an adequate 
blood flow. 

Katz!*5> states that “it is not clear 
whether it is an acid metabolite like lactic 
acid, phosphoric acid, pyruvic acid or 
succinic acid, or is a non-acid metabolite 
like histamine, phosphocreatine, adenosine, 
or potassium.”’ These non-volatile, diffusible 
metabolites are probably manufactured by 
the heart muscles under all ischemic condi- 
tions but may not always be present in 
sufficient amounts to stimulate end organs 
for pain. 

In summarizing these theories then one 
may conclude that there is no definite proof 
as to whether anoxia (oxygen deficiency) or 
ischemia (reduction of blood flow) pre- 
dominates either singly or in combination 
in inducing pain of cardiac origin. Lewis 
found that occlusion of the arterial supply 
to the forearm by means of a blood pressure 
cuff for as long as twenty minutes produced 
no pain until active skeletal muscular con- 
traction was begun. However, it is possible 
that such a deficiency of oxygen may have 
hastened the process that led to pain since 
pain will appear in working skeletal muscle 
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that is well supplied with blood but is made 
deficient in oxygen by breathing a low 
oxygen mixture. Since cardiac musculature 
_1s constantly in a state of active contraction 
during life, no data can be gathered for the 
heart similar to those for resting ischemic 
skeletal musculature. A relative state of 
work-ischemia can be set up experimentally 
in the human by means of the exercise 
tolerance test of Master.*** A relative state 
of anoxia of cardiac musculature is induced 
by the anoxemia test.*’ f 
Since anoxia causes a profound increase 
in coronary blood flow*® and since a state 
of work-ischemia exists in the overtaxed 
heart with coronary disease, it seems reason- 
able to assume that stimulation of end 
organs for pain by metabolite accumulation 
in working cardiac muscle in the anoxic 
state is responsible for pain rather than the 
anoxic or ischemic state per se. It is this 
reasoning that enables one to understand 
why the functional efficiency of coronary 
circulation can be tested by either the 
exercise tolerance test or the anoxemia test. 
In each instance we are dealing with a con- 
stantly working muscle of the heart in 
which the process of metabolite accumula- 
tion is hastened by exercise or anoxia. 


* Master introduced this “‘two step” test of cardiac 
function in 1929. The number of trips over the steps is 
standardized according to age, weight and sex and is 
performed in ninety seconds with recordings of blood 
pressure, pulse and before and after 
the test. In normal persons the blood pressure and pulse 
should return to within ten points of resting levels in two 
minutes. Electrocardiographic changes which are con- 
sidered significant of heart disease are as follows: (1) a 
depression of the RS-T segment of more than 0.5 mm. 
in any lead; (2) a change from an upright T wave to an 
isoelectric or inverted T wave or (3) a change in the T 
wave in the opposite direction. 

fA 10 per cent oxygen and 90 per cent nitrogen 
mixture is used. This mixture is breathed for twenty 
minutes or until pain is felt in the chest. Electrocardio- 
grams are taken before the start of the test and at ten 
and twenty-minute intervals after it, The result is posi- 
tive for coronary insufficiency when any one of the 
following is found in the 
arithmetic sum of the RS-T deviations in all four leads 
(1, m, 11 and tvF) is greater by 3 mm. or more than is the 
control. (2) There is partial or complete reversal of the 
direction of the T wave in lead 1 accompanied by an 
RS-T deviation of 1 mm. or more in this lead. (3) There 
is complete reversal of the direction of the T wave in lead 
tvF regardless of any associated RS-T deviation in this 
lead. 
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THERAPY 

Efforts to relieve pain of cardiac origin 
have centered about the following methods: 
(1) increasing the blood supply to the heart 
either through existing channels by dilating 
the coronary arteries or by creating new 
arterial channels surgically; (2) insuring 
that the patient’s activities and metabolism 
are brought down to the level of the circula- 
tion available and (3) by interrupting the 
pain pathways at some point between the 
heart and the brain. 

Evaluation of Therapy. The difficulties of 
assessing the value of drug therapy in 
relieving cardiac pain are a product of the 
limitations in quantitative methods of 
analysis and the numerous factors other 
than drug therapy that influence the pain. 
Thus, Gold*® lists the following circum- 
stances which influence the daily course of 
anginal pain: (1) spontaneous variations 
in the course of the pain, (2) changes in the 
weather, (3) a change of occupation or 
amount of work, (4) changes of diet, (5) 
changes in eating habits with increase in the 
amount of rest before and after meals, (6) 
condition of the bowels, (7) emotional 
stress, (8) a change in domestic affairs, 
(9) confidence aroused in treatment, (10) 
encouragement afforded by any new pro- 
cedure and (11) a change of medical 
adviser. 

Methods. Gold*® has chosen the “blind” 
test for evaluation of therapeutic response. 
In this method the drug used is unknown to 
both the doctor and patient and all medi- 
cation given is, as far as possible, similar in 
size, shape and taste. The patient is followed 
over a sufficiently long period so that the 
extraneous factors previously mentioned 
are eliminated. By this method it is believed 
that the relief of pain during use of any drug 
is due to its specific action. The patient 
should be able to distinguish its effects and 
to do so repeatedly from the effects of a 
placebo given under similar conditions and 
in such form as to preclude its detection 
by the patient through any means other 
than the relief of pain. 
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Riseman*® has devised a standard exer- 
cise tolerance test which consists of walking 
up two steps and down two steps (each step 
is 9 inches high) until an attack of pain 
ensues. This test is made under the standard 
conditions of (1) a low temperature of 45 to 
55°F., (2) one hour after a light meal, (3) no 
recent attack, (4) no medication and (5) 
familiarity with the test. A precordial lead 
of the electrocardiogram is also taken 
. before and after exercise to determine the 
depression of the RS-T segment. A ther- 
apeutic effect of any drug depends on the 
increase in exercise tolerance and no change 
in the electrocardiogram. 

We have modified this technic‘! to the 
extent that a control test with a placebo is 
done each time that a drug is studied. This 
is carried out because of the day to day 
variation in the exercise tolerance of the 
patient. This gives each test its own daily 
control. During these tests both the placebo 
and medication are unknown to the patient 
and the physician. No electrocardiograms 
are taken. 

It has been our experience that evalua- 
tion of drug therapy for cardiac pain which 
does not make use of some method of blind 
testing is open to serious question. This 
cannot be overemphasized. 


CORONARY VASODILATORS 


1. Nitrites. Brunton‘? reported on the 
use of amy] nitrite in angina pectoris in 1867, 
‘fon pouring from five to ten drops of the 
nitrite on a cloth and giving it to the patient 
to inhale, the physiological action took 
place in from thirty to sixty seconds; and 
simultaneously with the flushing of the face 
the pain completely disappeared and gener- 
ally did not return till its wonted time next 
day.”” In 1879, Murrell** indicated that 
equally successful results could be obtained 
with nitroglycerine (glyceryl trinitrate). 
Bradbury“ introduced erythrol tetranitrate 
in 1895. 

Pharmacologic Basis of Action: Use of 
nitrites in the relief of pain of angina 
pectoris depends on their relaxation of the 
coronary vascular tree.*® Coronary vaso- 
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dilatation outlasts the effects of nitrites on 
other vascular beds and coronary blood flow 
is increased despite the concomitant fall in 
aortic pressure. The nitrites increase coro- 
nary arterial blood flow.*®*’ 

Preparations and Dosage: (1) Amy] nitrite 
in pearls containing 0.2 cc.; (2) tablets of 
glyceryl trinitrate (nitroglycerine), 0.6 mg.; 
(3) octyl nitrite, 2. cc. put up in inhaler 
form;** (4) sodium nitrite, 15 to 60 mg. 
every three to four hours; (5) erythrol 
tetranitrate, 30 to 60 mg. every three to 
four hours. Action begins in fifteen minutes 
and lasts from three to four hours; (6) 
mannitol hexanitrate, 15 to 60 mg. every 
four to six hours. Action begins in fifteen to 
thirty minutes and lasts from four to six 
hours. 

Side Reactions: The nitrites may cause 
flushing, headache, throbbing, palpitation 
and cardiovascular collapse. Mannitol hexa- 
nitrate may also cause methemoglobinemia, 
a rise in intraocular pressure or an increase 
in intracranial pressure. 

Comment: The nitrites are the drugs of 
choice in combatting acute pain of effort 
angina. The quick-acting nitrites (amyl 
nitrite and glyceryl trinitrate) are used as 
diagnostic drugs to differentiate the pain 
of angina pectoris from other causes of chest 
pain. This, however, also has its pitfalls for 
Gold*® has shown that many patients obtain 
equal relief with placebos placed under the 
tongue as with glyceryl trinitrate. Studies 
have also been made***® on the prophy- 
lactic use of longer-acting nitrites in angina 
pectoris. The general consensus with use of 
erythrol tetranitrate or mannitol hexa- 
nitrate is that no great advantage is to be 
found over treating the individual attack. 
Gold® has pointed out that the frequent 
use of nitrites will neither lead to depend- 
ence on them or reduce their efficacy. 

2. Xanthines. In 1895, while working 
with diuretics, Askanazy®! noted that theo- 
bromine sodio-salicylate, besides its diuretic 
action, was also useful for pain in angina 
pectoris. 

Pharmacologic Basis: There is ample ex- 
perimental evidence to prove that xanthines 
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are coronary vasodilators.**~** Fowler, Hu- 
revitz and Smith®® studied the effects of 
aminophylline on experimentally-induced 
cardiac infarcts in dogs. They found the 
infarcted area considerably less in the 
aminophylline-treated dogs than in the con- 
trols and concluded that the theophylline- 
ethylenediamine was capable of developing 
collateral coronary circulation in the dog. 
Gold, Travell and Modell®* repeated this 
work in cats and measured the size of the 
infarcts with a planimeter. They could not 
confirm the results of Fowler. 

Preparations and Dosage: Clinical studies in 
angina pectoris have been made with 
theobromine (0.3 to 0.6 Gm. 4 times a 
day); theobromine sodio-acetate (0.45 to 
0.7 Gm. 4 times a day); theobromine sodio- 
salicylate (0.5 to 0.7 Gm. 4 times a day); 
theobromine calcium salicylate (0.5 to 1.0 
Gm. 4 times a day); theophylline (0.1 to 
0.25 Gm. 4 times a day); theophylline sodio- 
acetate (0.2 to 0.3 Gm. 4 times a day) 
and theophylline-ethylenediamine (amino- 
phylline) (0.1 to 0.2 Gm. 4 to 6 times a day). 

Side Actions: The main disadvantage of 
oral administration of xanthines is occasional 
gastric irritation. Intravenous administra- 
tion may produce giddiness, excitement, 
faintness, flushing, tingling of lips, collapse 
and death. 

Comment: The original enthusiasm for 
use of xanthines orally in angina pec- 
toris®”** 6-64 was followed by discouraging 

reports. *”® Finally in 1943 in a review for 
the Council of Pharmacy of The American 
Medical Association, Boyer® concluded 
that “‘the clinical evaluation of the useful- 
ness of the xanthines in the treatment of 
coronary artery disease is far from satis- 
factory. It seems wise to place the burden of 
proof on those who claim therapeutic 
efficacy.” 

Because of the discouraging results with 
oral administration of aminophylline, we 
investigated its usefulness in angina of 
effort by intravenous administration.*' It 
was found that an intravenous injection 
of 0.24 Gm. of aminophylline increases the 
capacity for effort without pain in patients 
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with angina of effort and that this effort 
without pain lasts longer than one hour. 
It is obvious, however, that this method of 
administration is of limited practical value. 

3. Papaverine. Pal® in 1913 first advo- 
cated the use of papaverine in treatment of 
angina pectoris. 

Pharmacologic Basis: Macht*"® found pap- 
averine to be a powerful dilator of the 
coronary arteries of frogs. The studies of 
Essex®® in dogs further corroborated the 
coronary vasodilator action of papaverine. 

Preparation and Dosage: Papaverine hydro- 
chloride is given orally in doses of either 
33, 100 or 200 mg. four times daily. The 
intravenous dose is 65 or 100 mg. 

Side Actions: Papaverine may cause dizzi- 
ness, nausea, vomiting, drowsiness, au- 
riculoventricular and intraventricular block, 
cardiac arrest, premature beats, coupling, 
ventricular tachycardia and fibrillation. 

Comment: There is diverse opinion as to 
the efficacy of oral doses of papaverine for 
relief of angina pectoris. Pal,’° Boehm,’! 
Macht,** and Katz and Elek’? report 
favorable effects in angina pectoris. Pal 
and Macht gave their doses intravenously 
(30 and 40 mg.). Boehm and Katz and 
Elek gave their medication orally, the latter 
investigators in doses of 100 mg. four times 
daily. Gray, Riseman and Stearns’* also 
found the drug of value for pain in coronary 
insufficiency and coronary thrombosis when 
given intravenously in doses of 65 or 100 
mg. They found, however, that oral doses 
of 33, 100 or 200 mg. four times daily for 
one week were of little value in clinical 
treatment of angina pectoris. 

This same mixed feeling was expressed by 
Gold” in a recent review of the value of 
papaverine in coronary artery disease. He 
believed that it had some value but how 
much was still in doubt. Its administration 
was not without dangers. These include 
toxic rhythms, namely, premature beats, 
coupled rhythm, ventricular tachycardia 
and partial A-V block, all which may occur 
with doses within the therapeutic range. 

4. Ethyl Alcohol. This is a commonly 
used remedy for anginal attacks. Its use is 
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based on the concept that it is a vaso- 
dilator. However, Dixon’® found experi- 
mentally only slight vasodilation of the 
coronary arteries. Evans and Hoyle’* found 
that objectively only one in eleven patients 
was able to do more work following 
prophylactic use of brandy. Stearns et al.’ 
found that therapeutic doses of whisky 
(1 ounce) did not measurably shorten the 
duration of attacks of angina pectoris or 
increase the capacity of the patient for 
work. Eggleston,’® however, recommends a 
small drink of brandy or whiskey to relieve 
the pain of angina pectoris. 

The effects of alcohol in relief of angina 
must be attributed to its central action in 
dulling response to pain rather than its 
coronary vasodilator action. 


MISCELLANEOUS AGENTS 


1. Androgens. The basis for use of andro- 
gens in the treatment of angina pectoris was 
the finding of Edwards, Hamilton and 
Duntley by spectrophotometric studies that 
the diminished arterial supply to the skin of 
castrated men was increased after adminis- 
tration of testosterone propionate. 

Dosages: A dose of 25 mg. of testosterone 
propionate twice weekly seems to be the 
average dose. Frequency of medication and 
duration varies with different investigators. 

Side Actions: Testosterone therapy can 
cause marked sodium chloride and water 
retension and on occasion may precipitate 
cardiac failure.*® 

Comment: The majority of investiga- 
tors®® 52-8486 report some degree of im- 
provement in the pain of angina pectoris 
under therapy with testosterone propionate. 
Riseman,**® Levine and Likoff** and Levine 
and Sellers®’ give an unfavorable report. 
Lesser®® attributes this lack of success to 
insufficient treatment since about one- 
third of his group showed no noticeable 
improvement during the first month of 
therapy. In Lesser’s study also the possible 
psychologic effect of injection therapy per se 
was eliminated by giving five patients six 
consecutive injections of sterile sesame oil 


prior to receiving testosterone propionate. 
None of the patients on sesame oil showed 
any appreciable change in symptoms while 
progressive improvement occurred in the 
same patients following use of hormone 
therapy. Sigler and Tulgan* also used this 
technic. However, the study was not an 
entirely blind one. In both instances the 
physician knew when he had given a 
placebo. This may have prejudiced his 
questioning of the patient. Other than this 
criticism one must remember that testo- 
sterone propionate therapy is costly and 
must be given parenterally. 

There is no adequate explanation for the 
apparent efficacy of androgen therapy in 
angina pectoris. Waldman® has postulated 
that testosterone may act in a number of 
ways: by vasodilatation of the coronary 
arteries; by development of a collateral 
circulation; by correction of an androgen 
deficiency or by an improved cardiac 
muscle metabolism of phosphorus and 
creatine. 

2. Cobra Venom. Freedberg and Rise- 
man* found that administration of cobra 
venom to patients with angina pectoris 
increased the standardized exercise toler- 
ance in seven of twelve patients studied. 
Since in these patients medication did not 
prevent the electrocardiographic changes 
associated with exertion, they concluded 
that the action was not one of coronary 
vasodilation. The dose was 10 mouse units 
three times the first day, followed by one 
injection daily for seven days and then 
biweekly injections of the same dose. 

3. Radiation Therapy. Sussman*® found 
that suberythema or slight erythema doses 
of x-ray given over the lower cervical and 
upper dorsal spines to include the sym- 
pathetic ganglia caused improvement in 
the anginal attacks in eleven of sixteen 
patients. We have found a number of 
patients with heart disease and cervical or 
thoracic spondylitis whose chest pain was 
greatly relieved by cervical and dorsal 
radiation. We have no experience in the 
effect of radiation therapy on patients with 
no vertebral osteo-arthritis. 
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Raab” was able to improve the anginal 
attacks in 74 per cent of forty-two patients 
by radiation of the adrenals, the rationale 
being the decrease in the anoxiating effect 
of adrenalin on the heart muscle by an 
abolition of the abnormal irritability of the 
adrenal secretory mechanism. 

McMillan and his co-workers*"*? irradi- 
ated the adrenal glands of twenty-three 
patients with severe angina pectoris. Each 
adrenal area received 600 r in three 
divided doses a week. Thirteen patients 
were greatly relieved, four moderately, 
three slightly and three not at all. These 
patients were observed for a period of from 
two to twelve months. The treatment did 
not alter the life expectancy. 

4. Vitamin E. Shute, Shute and Vogel- 
sang** report on eighty-four patients suffer- 
ing from anginal pain who were treated 
with a dosage of vitamin E ranging from 150 
to 600 mg. (in terms of alpha tocopherol). 
Relief commenced in approximately five to 
fourteen days. The maintenance dose was 
about 150 to 200 mg. per day. They sug- 
gested that no iron be administered with 
vitamin E. Fifty mg. of the natural mixed 
tocopherols are about equal to 25 mg. of the 
alpha tocopherol. 

On this regimen” six (7 per cent) of the 
eighty-four patients had complete relief of 
anginal pain, thirty-eight (45 per cent) had 
great improvement, thirty-seven (44 per 
cent) had some improvement, two (3 
per cent) had no improvement and one 
(1 per cent) died. 

Ravin and Katz (personal communica- 
tion), of the Boston City Hospital, tried 
500 mg. of mixed tocopherols (alpha toco- 
pherol, 50 per cent) daily in two divided 
doses in eleven patients with undoubted 
angina pectoris. Ten patients had arterio- 
sclerotic or hypertensive and arteriosclerotic 
heart disease; one patient had luetic heart 
disease. The treatment varied from four 
weeks (two cases) to twenty-four weeks 
(three cases), averaging fourteen weeks for 
the group. 

The results, as measured by (1) exercise 
tolerance tests, (2) consumption of nitro- 
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glycerine per day before and during vitamin 
E therapy and (3) subjective improvement, 
revealed no objective or subjective improve- 
ment in any patient in the entire group. 

5. Cytochrome C. Cytochrome C acts by 
enhancing the tissue uptake of oxygen. For 
this reason Proger® has used this in patients 
with myocardial anoxia. Cytochrome C, 
60 mg. intravenously, has been shown to 
prevent anoxic changes in the electro- 
cardiogram of cardiac patients brought on 
by breathing a 10 per cent oxygen mixture. 

We have given 50 mg. of cytochrome C 
intravenously to test the effect on the 
capacity for effort of patients with un- 
equivocal angina pectoris and found the 
drug to be of no value.*® 


SURGERY 


Surgery for the relief of cardiac pain 
centers about three methods of attack: 
(1) creating new channels of blood supply, 
(2) thyroidectomy, (3) interruption of the 
sensory pathways. 

1. New Channels. The methods for sur- 
gically altering the blood supply to the 
myocardium have been summarized by 
Beck.*? The most popular is by establishing 
vascular communications between the coro- 
nary arteries and the arteries of tissues 
engrafted upon the heart. The tissues that 
have been used for this purpose include the 
parietal pericardium, mediastinal fat, skele- 
tal muscle from the chest wall and omentum 
brought up through an opening in the 
diaphragm. The tissues are engrafted 
by sutures except for the cardiopericar- 
diopexy when chemical agents are used!” 
for the purpose of producing an inflam- 
matory reaction between the heart and 
parietal pericardium. 

Experimental ligation of the coronary 
veins and experimental removal of nerves 
at the base of the aorta and in the region 
of the left coronary artery have been shown 
to improve coronary artery circulation. 
Fauteux!™*!°> has reported on the use of 
pericoronary neurectomy plus ligation of 
the great cardiac vein in the treatment of 
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2. Thyroidectomy. ‘Total ablation of the 
thyroid by surgical means! is used to 
relieve precordial discomfort of angina 
pectoris. It has greater use in the treatment 
of congestive heart failure. The efficacy of 
the method is based on the idea that follow- 
ing total thyroidectomy, the metabolic 
needs of patients with heart disease are 
decreased considerably and therefore the 
work of the heart is lessened with a con- 
comitant relative increase in circulatory 
adequacy. The operation is complicated 
by the need to remove every vestige of 
thyroid tissue without injuring the recur- 
rent laryngeal nerves or removing the 
parathyroids. 

Because of these possible complications, 
introduction of the thiourea derivatives was 
suggested as a medical means of inducing 
chemical thyroidectomy. Encouraging re- 
sults have been reported with its use in 
angina pectoris. !°*—!°® According to Raab,!” 
the thyroid hormone even in physiologic 
amounts sensitizes the heart to the an- 
Oxiating toxic action of epinephrine. Thio- 
uracil exerts a “heart protecting”’ effect by 
suppressing the formation of thyroid hor- 
mones. He found thiouracil treatment 
effective in seven of ten patients with angina 
pectoris. Ben-Asher'®* found clinical im- 
provement in twenty-five of thirty-seven 
(67 per cent) patients with angina pectoris 
given 0.4 to 0.6 Gm. of thiouracil daily for 
at least three weeks followed by a daily 
maintenance dose of 0.2 Gm. Reveno 
reported favorable results with both thio- 
uracil and propylthiouracil (75 to 125 mg.) 
daily. 

DiPalma and MaGovern!"® caution that 
as the basal metabolic rate is lowered by 
thiouracil there is a tendency for water 
retention to occur so that pulmonary edema 
and increased dyspnea appear. They further 
show that those patients who benefit mostly 
from thiouracil administration have an 
elevated basal metabolic rate before treat- 
ment. They conclude that this is the only 
indication for use of the drug other than as 
a therapeutic test in selection for thyroid- 


Cardiac Pain—Rinzler 


ectomy in those patients with angina 
pectoris. 

3. Interruption of Sensory Pathways. From 
knowledge of the anatomic pathways for 
the sensation of pain of cardiac origin one 
readily realizes that pain can be eliminated 
by blocking the pathway at any point 
between the heart and brain. Fauteux!® 
starts close to the heart and does a peri- 
coronary neurectomy similar to the peri- 
arterial stripping in animals. 

The upper thoracic sympathetic ganglia 
are by far the areas of choice for interrupting 
pain sensations.'!!~!!8 This may be done in 
three ways: First, the sympathetic ganglia | 
may be infiltrated with procaine hydro- 
chloride or alcohol to produce a block of a 
more or less temporary nature. Second, the 
sympathetic chain may be resected either 
unilaterally or bilaterally so as to interrupt 
the visceral afferent fibers going to the cord. 
Third, the first four or five posterior roots 
may be cut through a laminectomy. Such 
posterior rhizotomy (division of the non- 
myelinated axon of the peripheral sensory 
ganglion) should be carried out bilaterally 
for permanent effect. 

The latest report on the number of sym- 
pathetic ganglia that must be blocked for 
relief of pain is by Saccomano, Utterback 
and Klemme.!"‘ They believe that surgical 
removal or alcohol injection of the second, 
third and fourth thoracic sympathetic 
ganglia on the affected side only will 
alleviate anginal pain. This is based on 
experiments upon dogs in which stimulation 
of Cs and T, when isolated produced no 
effect on the heart rate or blood pressure. 
The effect on pulse rate was most marked on 
stimulating the second and third thoracic 
nerves with diminishing effect on the fourth 
and fifth thoracic nerves. The effect on 
systemic blood pressure was more or less 
constant from the second thoracic nerve 
down to the seventh thoracic nerve. 

While investigating a group of patients 
with pain in the chest and pain and limita- 
tion of motion in the shoulder,!* Travell 
and Rinzler?®!!6 confirmed the early work 
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of Weiss and Davis!’ and found that this 
pain and disability could be relieved by 
local block, either by infiltration with 
procaine hydrochloride or spray with ethyl 
chloride, of tender areas located in the 
muscles of the chest wall anteriorly or 
posteriorly. These tender or trigger areas 
were defined as points of abnormal hyper- 
sensitivity of the myofascial structures which 
on stimulation (either by mechanical pres- 
sure or needling) gave rise not only to local 
pain but to referred pain at a distance from 
the trigger area. The area of referred pain 
was in the same region as that of the 
spontaneous pain, for example, spontaneous 
pains in the regions of the shoulder and arm 
were referred pains from either the infra- 
spinatus, supraspinatus or pectoralis minor 
muscles. 

Although the majority of these patients 
were non-cardiacs, it soon became evident 
that the same procedure was effective in 
relief of chest pain in patients with myo- 
cardial infarction and angina pectoris. The 
trigger areas in these cardiacs were located 
mainly in the intercostal spaces at about 
the nipple line in the pectoralis major and 
minor muscles. In these muscles the referred 
pain tended to circumscribe the trigger 
areas. 

It was obvious to us from the onset that 
extreme care had to be taken in attributing 
success to any treatment for chronic angina 
pectoris because of the multiplicity of non- 
specific procedures which are therapeutic. 
However, we were fortunate in obtaining a 
number of patients in whom acute myo- 
cardial infarction without previous history 
of angina of effort had produced chest pain 
and trigger areas in the chest and in whom 
local block therapy was completely effective 
when opiates were not. These acute obser- 


vations in our opinion gave weight to the | 


rdle of the somatic component in cardiac 
pain. 

In a study”® of thirty-one patients with 
chest pain due to coronary artery disease 
who presented tender areas in the anterior 
chest muscles, we found the following: 
satisfactory results with local block therapy 
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were obtained in those patients in whom 
angina of effort began after a myocardial 
infarction or in whom a history of a myo- 
cardial infarction in the course of effort 
angina could be obtained. Unsatisfactory 
results were obtained in those patients 
whose angina of effort was insidious in 
onset and in whom no history of a myo- 
cardial infarct could be elicited. Compari- 
son of the two groups as to age, sex, 
incidence of hypertension or duration of 
symptoms revealed no differences. We 
sought to explain the differences in results 
in the part played by the heart and soma in 
the summation of pain. That is, in the cases 
of angina pectoris without myocardial 
infarction we assumed that the stimulus for 
pain proceeded directly to the sensorium 
with little involvement of the soma or that 
the soma played a small rdéle in the total 
summation of pain. Furthermore, repetitive 
attacks of angina tend to set up new areas 
of referred pain in the chest muscles. On the 
other hand, in the postinfarction group we 
reasoned that stimuli for pain from the 
heart no longer existed after the acute 
myocardial infarction or else that the 
somatic components in postinfarction an- 
gina of effort played a predominant role 
and, therefore, its elimination by local 
block resulted in a state in which stimuli 
from the heart alone were subthreshold and, 
therefore, not of sufficient intensity to 
produce pain. 

We postulated that the tender areas in 
the chest muscles were set up by develop- 
ment of trigger areas in the reference zone 
of the visceral lesion. These secondary 
sources in the somatic structure then set up 
their own autogenic cycle without further 
dependence upon the heart. : 


SUMMARY 


1. The nervous system pathways in- 
volved in transmission of impulses of pain 
from the heart and to its regions of reference 
are described. 

2. Stimulus for cardiac pain seems to 
depend on accumulation of metabolites in 
working cardiac muscle in the anoxic state. 


: 
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3. The relative efficacy of such drugs as 
the nitrites, xanthines, papaverine, alcohol, 
androgens, thiourea compounds and others 
is discussed. 

4. The surgical procedures for relief ot 
cardiac pain, directed either at increasing 
the blood supply to the heart, or reducing 
the metabolic activity of the patient or 
interrupting the afferent pain pathways, are 
described. 
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Seminars on Protein Hydrolysates 


Problems of Parenteral Nutrition’ 


SIDNEY C. WERNER, M.D 
New York, New York 


most all of the essential materials - 
A for adequate parenteral nutrition 


are in present day use. The possi- 
bilities of giving glucose by vein were 
explored by Woodyatt et al. in 1915.' The 
importance of salt replenishment has been 
recognized since 18317‘ although later 
work has stressed the value of other electro- 
lytes as well.® Many of the vitamins have 
been made available for parenteral ad- 
ministration and their use today is common- 
place. Fat emulsions with their potentially 
high caloric content have been given intra- 
venously to patients®** but this use is still 
investigative. Finally, parenteral solutions 
containing nitrogen have advanced from 
the laboratory stage to daily practice. 
These last provide potential protein and 
have made complete nutrition independent 
of the gastrointestinal tract a reality." "? 
The first readily available® preparation of 
an enzymatic hydrolysate of casein is now in 
widespread clinical use, and other more 
concentrated and more purified products 
have been introduced by vigorous com- 
mercial effort in this field. Complete 
parenteral feeding for twenty-four days 
without mishap has been accomplished 
with these preparations.'* However, the 
thesis that starvation is inherently harmful 
even for short periods and should be 
avoided has led at times to the indis- 
criminate use of these materials. It is still 
debatable whether the results of routine 
parenteral feeding warrant the risks and 
discomfort to the patient as well as the 
expense. Thus a careful appraisal of the 
effect of these nitrogen-containing materials 


given in the postoperative period to pa- 
tients undergoing subtotal gastrectomy for 
peptic ulcer cannot be said to show more 
than a suggestive gain over an adequate 
control series treated exactly the same, 
except for the parenteral nitrogen. '? 

In addition, there are many problems 
which arise during vigorous therapy with 
the precursors of protein given parenterally. 
Such treatment is subject to acciclental or 
unavoidable interruption. Changes then 
follow, in terms of nitrogen balance, which 
are of considerable interest since fairly large 
losses of nitrogen may result. This point has 
not received much attention; also, the 
extent of the caloric intake which must be 
provided with the protein, in order to con- 
serve nitrogen, has not been entirely 
settled. It is the primary purpose of this 
review to discuss these problems and to 
summarize some of the difficulties in the 
practical execution of parenteral feeding 
programs. It is intended to extend, rather 
than to repeat, the discussions in the exten- 
sive reviews by Elman" and by Kremen.!® 

Parenteral feeding can be used to supple- 
ment limited food intake by mouth or to 
replace food entirely when the oral route is 
not available. The body is capable of 
undergoing complete’® or partial starva- 
tion’’ for brief periods of time without too 
great apparent harm although capacity for 
work is probably reduced.'® The effects of 
prolonged malnutrition, including the com- 
plications of hypoproteinemia,'*'*?° have 
been stressed elsewhere and need no elabo- 
ration here. Thus, during bricf periods of 
inadequate dietary intake in the previously 
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well individual, it is a matter of clinical 
judgment as to whether parenteral supple- 
mentation really is necessary or need be 
undertaken. In the previously depleted 
individual, however, or when the period of 
inadequate food intake has been prolonged, 
there is littke doubt that supplementary 
feeding is desirable. However, a decision to 
employ parenteral feeding may be contra- 
indicated by other considerations; these 
will be discussed later in the article. 

The major situations in which some form 
of parenteral replacement, whether nitroge- 
nous or otherwise, may become of impor- 
tance are outlined. Indications for therapy 
are found in the shock, dehydration, acid- 
base balance disturbance, hypoproteinemia 
and anemia which may accompany most of 
these disorders. 


INDICATIONS FOR PARENTERAL THERAPY 


1. Disorders of Ingestton—Functional: Anorexia 
associated with physical difficulties such as 
pain, disease and trauma. Anorexia associated 
with emotional difficulties for example, psycho- 
neurosis such as anorexia nervosa; pylorospasm 
or cardiospasm, functional; fear of discomfort 
after eating. Mechanical: Disorders of the 
esophagus such as inflammation, carcinoma, 
ulceration, stricture or diverticulum. Disorders 
of the stomach and duodenum such as pyloric 
stenosis or spasm secondary to ulcer; pyloric 
stenosis or spasm secondary to carcinoma; 
duodenal stasis; duodenal obstruction from 
whatever cause; in early postoperative states 
such as atony, edema or distention and late 
postoperative states as gastro-enterostomy, sten- 
osis or ulceration. Small and large intestinal 
disorders such as mechanical ileus from ad- 
hesions, carcinoma, lymphoma, herniation, 
etc.; paralytic ileus from toxemia or peritonitis; 
postoperative state of atony, distention or 
edema. 

u. Disorders of Absorption—Failure of small 
intestinal function: Normal transit time affected by 
inadequate intestinal length—internal or ex- 
ternal fistula; resection of small and large in- 
testine with high ileostomy; gastrocolic or 
jejunocolic anastomosis; and inadequate enzyme 
secretion because of sprue and non-tropical 
sprue or pancreatic disease. Decreased transit time 
due to infection, e.g., tuberculosis, typhoid 
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fever; inflammation, regional ileitis; reflex, 
secondary to colitis, e.g., ulcerative colitis, 
amebic dysentery, etc. Failure of bile secretion 
with failure of fat digestion because of obstruc- 
tion or fistula. 

11. Disorders of Utilizatton—Decreased utiliza- 
tion: Failure of protein synthesis because of 
hepatitis; cirrhosis, Laennec’s or obstructive; 
idiopathic hypoproteinemia. Failure of carbo- 
hydrate metabolism because of diabetic acidosis. 


‘ Increased utilization: Toxic goiter; fever; post- 


trauma; insulin shock; suppuration, wound or 
skin ooze. 

1v. Hemorrhage, Dehydration and Shock from 
Any Cause. 

The aforementioned situations may ne- 
cessitate parenteral therapy with some or 
all of the materials now available for use 
by this route. For this reason, and because 
any program using nitrogenous materials 
must take into account the provision of 
calories and electrolytes as well, a brief 
summary of these latter materials and the 
problems associated with their administra- 
tion is introduced here. 


NUTRITIONAL FACTORS IN PARENTERAL 
THERAPY 


Electrolytes. Use of electrolyte solutions 
in the adult has been largely confined to 
sodium chloride solutions, or to sodium 
lactate”! or sodium acetate solutions. Nor- 
mal or isotonic saline is occasionally re- 
placed by more concentrated solutions of 
salt, up to 5 per cent, for rapid replenish- 
ment of sodium and chloride in a small 
volume. These hypertonic solutions, how- 
ever, may cause thrombosis of the vein used 
for the infusion. Sodium lactate or sodium 
acetate is generally given in isotonic 1¢ 
molar concentration to provide sodium 
without chloride, the lactate or acetate 
being metabolized. 

Recently, the importance of intracellular 
as well as extracellular electrolyte losses has 
been stressed.° Potassium is the main intra- 
cellular constituent to be considered but 
the point at which there is need for its 
replacement after loss is still under investi- 
gation. Similarly, the significance of various 
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other electrolytes in parenteral nutrition 
remains to be established. 

The administration of electrolytes should 
be carefully controlled. Edema follows 
excess of sodium chloride. This retention of 
salt may be promoted by renal injury. It 
may also occur after operation?®** due, 
perhaps, to increased adrenal cortical ac- 
tivity?‘ or to increased transudation of fluid 
into the interstitial space*® as a result of 
diminished osmotic pressure consequent to 
hypoproteinemia.”* Besides causing edema, 
saline infusions may lead to a transient 
increase in blood volume and consequent 
congestive failure in precariously com- 
pensated patients. 

Excess of potassium is much more poorly 
tolerated. Changes found in the electro- 
cardiogram or even cardiac arrest*® may 
result from an elevated blood level of this 
anion. 

Carbohydrate. The most physiologic 
source of carbohydrate for parenteral use is 
dextrose. A 5 per cent solution is custom- 
arily used. This concentration is isotonic 
and is not apt to introduce the dextrose at a 
faster rate than it can be cleared from the 
blood (0.8 to 0.9 Gm./Kg. body weight). 
Otherwise, hyperglycemia results with loss 
of sugar in the urine. A 5 per cent solution 
in normal saline is also in common use and 
is apparently not hypertonic enough to 
cause venous thrombosis (or cellulitis after 
subcutaneous use). 

Ten per cent solutions of dextrose are 
definitely hypertonic and can only be 
given intravenously. Venous thrombosis and 
significant glycosuria may result. 

Fat. Use of fat emulsions for intra- 
venous administration®® is still in the 
experimental stage. There is an inherent 
danger of fat embolism from such mixtures. 
Blockage of the capillaries may result from 
insufficiently fine or unstable emulsification, 
and there may be overloading of the retic- 
uloendothelial system. There is also a 
possibility of saturating the liver cells with 
fat. 

Protein. 1. Available Materials. Gelatin 
can be given intravenously to combat shock 
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by the immediate restoration of blood vol- 
ume. Whole human plasma proteins can be 
given intravenously for the same purpose but 
may be used also for nutrition. Being pro- 
teins they exert strong effects on osmotic 
pressure and blood volume. Human plasma, 
whole blood or serum albumin are the 
agents used. 

A less expensive and less dangerous 
method of providing protein for nutrition 
is to furnish the amino acid precursors of 
protein for synthesis into protein by the 
body. These are obtained by the hydrolysis 
of a protein or by synthetic mixtures of 
amino acids. Since these materials must be 
reconstituted into protein, the parent pro- 
tein must have been adequate in itself to 
meet the protein requirements of the 
animal organism. This adequacy is reflected 
chemically by the content of the ten essen- 
tial amino acids.**~*' It is reflected physio- 
logically by the maintenance of growth*® 
and of nitrogen balance** when the protein 
in question is given as the sole source of 
nitrogen in the diet. 

Casein, hydrolysed by either enzymes or 
acids, is the parent protein usually em- 
ployed because of its high biologic value, 
ready availability and relatively low cost. 
The commercial product for intravenous 
use consists almost entirely of the com- 
ponent amino acids although small amounts 
of polypeptides may remain. These latter 
tend to limit tolerance and speed of ad- 
ministration. It is not clear whether these 
larger fragments are essential to man.** 34:55 
Studies with the ten essential amino acids 
and glycine as the sole source of nitrogen 
have shown that nitrogen balance can be 
maintained in humans" without the pres- 
ence of larger fragments. However, these 
experiments have been for short periods 
only and latent deficiencies may not have 
been revealed. Acid hydrolysis of casein 
destroys tryptophane which must be re- 
stored to such preparations. 

Recently casein hydrolysates have been 
produced containing practically nothing 
but amino acids.***’ These solutions are 
tolerated at speeds of infusion similar to 
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those at which glucose is given. This type 
of amino acid solution contains only the 
levorotatory forms of the amino acids. This 
provides an advantage over synthetic amino 
acid mixtures which consist of mixtures of 
equal amounts of the levo- and dextro- 
rotatory forms. The dextro-isomers are 
usually inactive physiologically and are not 
available for synthesis into protein. 

Since the hydrolysate and amino acid 
mixtures must be acted upon to form tissue 
and serum proteins, the body mechanisms 
for this purpose must be intact. The liver 
is the principal organ concerned with 
deamination of amino acids and the syn- 
thesis of serum albumin. Thus, cirrhosis or 
acute hepatitis may result in_ hypoal- 
buminemia despite an adequate caloric and 
protein intake by mouth.** Food protein is 
hydrolyzed in the gastrointestinal tract and 
arrives at the liver essentially as an hy- 
drolysate. Synthesis of albumin by the 
diseased liver is then inadequate to replace 
the daily loss of this protein, and parenteral 
hydrolysates are similarly ineffective. Their 
administration, then, will result either in 
their excretion in the urine, or diffusion 
into tissue spaces or accumulation in the 
blood with the induction of nausea.'**® 
Hypoproteinemia, that is hypoalbuminemia, 
under these circumstances may be com- 
batted by the use of preformed protein 
intravenously. This is now possible with 
whole blood plasma or human albumin.‘°® 

Serum proteins are thought to be in 
equilibrium with tissue proteins.‘4 Weech 
et al.*? have postulated from experiments 
with malnutrition in dogs that 30 Gm. of 
tissue protein are burned by the body to 
1 Gm. of serum protein. During anabolism, 
or protein replenishment, the same parti- 
tioning of protein between tissue and serum 
occurs.‘* Thus, as an approximation, if the 
same ratio holds in man the infusion of 
500 cc. of plasma containing 6 per cent 
protein (30 Gm.) can provide only 1 Gm. 
of serum protein for the circulation. The 
rest can be expected to enter the tissues. 
This 1 Gm. of serum protein divided by an 
approximate plasma volume of 2,500 cc. 


would provide a sustained rise of only about 
0.04 Gm. protein per cent. 

The slow rise in serum protein titer after 
plasma infusions and the disappearance 
from the circulation of the greater part of 
the infused protein are well known‘®‘44~#? 
although the effects upon blood volume of 
complicating factors such as administered 
fluids, altered renal or circulatory functions 
and preceding hemorrhage must be taken 
into account in any such evaluation. The 
rate of disappearance of serum proteins 
from the blood stream diminishes as tissue 
stores are replenished. Also, the rate of 
protein synthesis becomes increased. This 
problem has been extensively studied by 
Whipple and his group in dogs subjected 
to plasmapheresis.’® Hemoglobin also is 
thought to be in equilibrium with the other 
proteins of the body; thus the provision of 
whole blood will spare considerable amounts 
of tissue and serum proteins which would 
be drawn upon to synthesize red cells and 
hemoglobin in the replacement of blood 
loss. 

To estimate the loss or gain of nitrogen 
it is necessary to determine the nitrogen 
balance. Retention of nitrogen in significant 
amounts occurs only during the growing 
period or following nitrogen loss. Such a 
loss may result from inanition,'* hemor- 
rhage,‘' suppuration, wound or skin ooze 
such as occurs after burns.*® Disease or 
trauma tends to initiate a sharp negative 
nitrogen during which period 
nitrogen storage is difficult to achieve. The 
degree of nitrogen loss is more or less in 
proportion to the extent of the injury.***! 
The tendency to lose nitrogen during the 
immediate post-traumatic period may be 
overcome by a high intake of nitrogen!!!” 
or of calories and nitrogen,®? but posi- 
tive nitrogen balance cannot generally be 
achieved until the later recovery period. A 
possible explanation, among others,?***® for 
this failure may be found in the inability to 
administer sufficient calories, with the 
nitrogen, to the sick and often febrile 
patient. This problem of calories in relation 
to nitrogen balance will be discussed later. 
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Nitrogen balance studies reveal a tre- 
mendous difference in the ease with which 
nitrogen given as preformed plasma or red 
cell protein provides a positive balance as 
compared with nitrogen given as split 
protein in the form of hydrolysate or amino 
acids.'® The difference is accounted for by 
the increased excretion of nitrogen with the 
latter. This same rise in urinary nitrogen 
appears in the dog when serum protein and 
whole blood are given by mouth; the 
urinary nitrogen level rapidly increases 
which does not occur when the same mate- 
rials are given by vein.** The mechanisms 
for handling split and whole proteins thus 
differ in important respects. 

Fed protein is hydrolyzed in the gastro- 
intestinal tract and must be acted upon by 
the liver before entering the blood stream. 
There is, apparently, considerable waste 
involved in deamination and subsequent 
handling of these amino acids by the liver. 
Preformed protein given by vein is not 
directly acted upon by the enzyme systems 
of the liver and does not appear in the 
urine as urea until long after its adminis- 
tration.** This lag in excretion and greater 
efficiency of utilization results in a more 
positive nitrogen balance than can be 
obtained with amino acid mixtures. 

The amino acid mixtures, on the other 
hand, have an advantage over serum 
protein for the patient in regard to the 
intermediary metabolism of nitrogenous 
substances. In the experimental animal it 
has been demonstrated that the provision 
of amino acids to the liver is essential for the 
maintenance of normal liver function.*® The 
lipotropic action of these substances, espe- 
cially methionine,** is not obtained with 
preformed serum protein. Thus, the fatty 
liver of starvation is prevented or alleviated 
by food protein by mouth or by parenteral 
hydrolysates but not by intravenous blood 
or plasma. Varco*’ has emphasized the 
failure of blood or plasma alone to prevent 
mortality in this group following operation. 
Autopsy showed fatty livers in his badly 
starved patients treated only with trans- 
fusions. Kremen has advocated the use of 
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both hydrolysate (or amino acid) mixtures 

serum protein to achieve positive 
nitrogen balance and to provide a substrate 
for liver activity. 

2. Calories. Protein without fat or carbo- 
hydrate is not adequate for nutrition. Rats 
on a pure protein diet will soon succumb. *® 
This toxicity can be prevented by carbo- 
hydrate which also serves to spare nitrogen 
to the body. Butler et al.** have studied the 
minimal carbohydrate requirement to spare 
nitrogen and place this figure at 100 Gm. of 
glucose. Elman and associates® have re- 
ported that calories are relatively unimpor- 
tant inasmuch as nitrogen equilibrium can 
be achieved in the dog by increasing the 
intake of an hydrolysate despite a low 
caloric diet. About the same time’? it was 
demonstrated that increasing the level of 
nitrogen intake could maintain nitrogen 
equilibrium in the human despite accom- 
panying low calories. The latter study was 
complicated by the possibility that previous 
nitrogen depletion had been a factor, and by 
the complications introduced by operation. 

This problem has been pursued further® 
in the presumably non-depleted healthy 
and uninjured subject. In this group the 
intake of calories was sharply reduced after 
a baseline period, and this was found to 
result in a markedly negative nitrogen 
balance despite maintenance of the previous 
protein intake. Similarly, a sudden reduc- 
tion in protein without alteration in calories, 
or reduction of both protein and calories, 
caused a loss of nitrogen. The degree of 
negative balance was equal to that seen 
after many operations or trauma. Thus 
reduction in caloric and protein intake 
after injury, plus the added demands for 
both during the febrile period, probably 
explains in large part the so-called “‘cata- 
bolic response” to injury. A considerable 
increase in administered nitrogen over that 
given in the control period restores nitrogen 
equilibrium despite reduction in calories. 
This reduplicates the experience with post- 
operative patients. These observations 
clearly indicate that provision of both 
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calories and nitrogen is desirable in any 
nutritional effort. 

To furnish these added calories par- 
enterally, glucose must be given with the 
nitrogenous solutions and at concentrations 
approaching isotonicity. The achievement 
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volumes indicated are in excess of the 
amount that can safely be given intra- 
venously even with the help of hypo- 
dermoclyses and of rectal taps of glucose 
or of glucose in saline. Therefore, Elman 
has attempted to compromise by providing 


TABLE | 
COMPARISON OF FLUID VOLUMES NECESSARY TO PROVIDE 1,200 AND 1,800 CALORIES WITH 90 GM. PROTEIN 
INTAKE AND ADEQUATE SALT, USING HYDROLYSATE OR AMINO ACID SOLUTIONS 


Liters of Fluid 
Preparation Glucose Equivalent Salt Calories /L. eee 
Gm./L. Gm./L Gm./L. 
eT 1,200 Calories | 1.800 Calories 
Casein hydrolysate 5% 
ale 5% eae 50 37.5 2 350 2.5 2.5 
50 0 0 200 1.6 4.6 
Total 4.1 Total 7.1 
Amino acids 10%............ 0 80 0 320 1.1 1.1 
Dextrose 5% in saline........ 50 0 8.5 200 1.0 1.0 
kes we 50 0 0 200 3.2 3.2 
| Total 5.3 Total 8.3 
Casein hydrolysate 5% | 50 37.5 2 350 2.5 2.5 
Dext 5% | | | 
10%............... | 100 0 | 400 | 0.8 2.3 
| | Total 3.3 Total 4.8 
Amino acids 10%............ o | 8 0 320 1.1 11 
Dextrose 5% in saline........ 50 0 8 200 1.0 1.0 
Dextrose 10%............... 100 0 0 | 400 1.6 3.1 
| Total 3.7 Total 5.2 


of adequate caloric intake thus requires a 
large ultimate total fluid volume, a matter 
of major importance. The accompanying 
tables summarize this problem. Table 1 
indicates the fluid volumes involved in 
supplying the equivalent of 90 Gm. of 
protein, salt, and either 1,200 or 1,800 
calories in terms of a 5 per cent hydro- 
lysate-5 per cent dextrose solution and 
a 10 per cent hydrolysate or amino acid 
solution with supplementary glucose. Table 
11 shows similar volumes at the same caloric 
intake but with the provision of somewhat 
more protein equivalent. Most of the 


only 100 Gm. of glucose and 100 Gm. of 
hydrolysate or amino acid solution per day, 
equivalent to about 75 Gm. of protein and 
700 calories, during parenteral feeding. His 
attainment of nitrogen equilibrium with 
this regimen has not been confirmed by the 
writer in most instances'*®! although the 
provision of considerably more nitrogen 
than recommended by Elman, the equiva- 
lent of about 160 Gm. of protein and about 
1,000 to 1,200 calories, was found to 
achieve this result. 

3. Complications. In any event, cardiac 
and renal functions must be adequate in order 
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to tolerate most intravenous therapy. Other- 
wise heart failure may occur during treat- 
ment. This is especially true of older 
patients in whom a diminished cardiac 
reserve often exists, sometimes undetected. 
The stress of infusion may then precipitate 
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other fluids. It is the expanded blood 
volume which causes increased cardiac 
work and hence may exhaust an already 
diminished cardiac reserve. 

By the administration of fluids through 
a venous pressure machine and the deter- 


TABLE I 
COMPARISON OF FLUID VOLUMES NECESSARY TO PROVIDE 1,200 AND 1,800 CALORIES WITH 120 AND 200 cm. 
PROTEIN INTAKES AND ADEQUATE SALT, USING HYDROLYSATE OR AMINO ACID SOLUTIONS 


; Liters of Fluid 
Glucose Salt 
Preparation G Equivalent Calories /L. 
m./L. Gm./L. Gm./L. 
1,200 Calories | 1,800 Calories 
: 120 Gms. Protein 
Casein hydrolysate 5% 
Dextrosee5% 50 37.5 2 350 3.5 
Amino acids 10%............ 0 80 0 320 1.5 
Dextrose 5% in saline........ 50 0 8.5 200 1.0 
Dextrose 5%........... aaa 50 0 0 200 2.6 
Total 5.1 
Amino acids 10%............ 0 80 0 320 1.5 
Dextrose 5% in saline........ 50 0 8.5 200 1.0 
Dextrose 10%............... 100 0 0 400 1.3 
Total 3.8 
: 200 Gm. Protein : 
Casein hydrolysate 
Dextrose 5% eee 50 37.5 2 350 5 2 
Amino acids 10%............ 0 80 0 320 2.5 
Dextrose 5% in saline........ 50 0 8.5 200 1.0 
aves 50 0 0 200 4.0 
Total 7.5 
Amino acids 10%............ 0 80 0 320 2.5 
Dextrose 5% in saline........ 50 0 8.5 200 1.0 
100 0 0 400 2.0 
Total 5.5 


right or left heart failure or both. Plasma 
proteins are especially dangerous in this 
respect since they are not as rapidly 
removed from the blood stream after 
infusion as are saline solutions and glucose; 
the increase in blood volume produced by 
their introduction into the circulation is 
more persistent than that caused by these 
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mination of vital capacity® during infusion 
objective evidence of heart failure may be 
obtained before the appearance of symp- 
toms. The determination of blood volume 
also gives an index of the circulatory load. 
By judicious control®* one may avoid 
administration of additional fluid to a 
patient with an already overexpanded 
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circulating volume. To disregard these 
precautions or to fail to evaluate cardiac 
and renal function by history, physical 
examination and objective methods before 
resorting to parenteral therapy may result 
in pulmonary edema and even death. 

Other determinations, such as estimation 
of the hematocrit or serum proteins may 
reveal hemodilution. Such dilution must be 
interpreted in terms of recent blood loss, 
variations in plasma protein synthesis and 
water balance. The daily weight, fluid 
intake and output, and blood urea or non- 
protein nitrogen values can also be followed 
as safeguards against overinfusion. A rise in 
blood urea nitrogen during hydrolysate 
therapy may, however, result from me- 
tabolism of the amino acids’? rather than 
from renal injury. This rise is comparable 
to the one which may follow ingestion of 
large quantities of meat. 

Apart from the aforementioned circula- 
tory considerations, the requirements for 
rest and the problem of available veins may 
create difficulties in the timing of the 
administration of parenteral fluids. Re- 
peated infusions permit the patient to 
become ambulatory or to rest in the interim 
periods. Unfortunately, available veins soon 
disappear. Some type of continuous infusion 
or of indwelling plastic catheter is necessary 
for more than brief feeding programs. The 
advantages of this method with its single 
venipuncture and its freedom of mobility 
for the patient are counterbalanced by the 
high incidence of local venous thrombosis. 
This is apt to occur after several days or 
less. Thrombosis of the vein proximal to the 
point of introduction of the needle or 
catheter may result from irritation of the 
intima of the vein by the infusion fluids. ‘This 
can be avoided by release of the fluid into 
the vein with a sufficiently large blood flow 
to provide immediate dilution. The plastic 
catheter makes available the upper brachial 
or axillary veins which meet this require- 
ment. Previous thrombosis of the tribu- 
taries, however, may reduce the blood flow 
enough to permit thrombosis of even these 
larger vessels. 
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Reactions to parenteral fluids are few. 
Removal of pyrogens, treatment of infusion 
tubing with sodium hydroxide after infusion 
of organic materials such as blood and 
hydrolysates, or use of a new plastic tubing 
with each infusion have practically elimi- 
nated complications. However, nausea and 
vomiting may result from too rapid infusion 
of hydrolysate or amino acid solutions.'*** 
This reaction cannot be too well correlated 
with the level of blood amino acid*®® in the 
author’s experience.'? Rest periods be- 
tween infusions and the introduction of not 
more than 50 Gm. of amino acid mixture 
at one time avoid this complication. Shock- 
like responses to the larger molecules in the 
less purified hydrolysates may occur and are 
avoided by a slow rate of administration. 

The avoidance of transfusion reactions by 
proper cross matching and the development 
of urticaria from too rapid plasma or blood 
infusions need no discussion here. Homo- 
logous serum jaundice is another complica- 
tion of preformed serum protein therapy 
with whole blood or plasma. 

The excellence of nitrogenous materials as 
culture media makes strict precautions for 
sterility necessary. Unused but opened 
solutions should be discarded and not saved 
for later use. Apart from contamination 
these solutions may occasionally cloud or 
precipitate spontaneously; they should not 
be given if this occurs. 


COMMENTS 


The requirements for concomitant cal- 
ories, the volume of fluid needed, the 
technics of administration and the dangers 
and problems inherent in giving such fluids 
parenterally have been reviewed. The value 
of this type of nutrition requires further 
discussion. 

It was pointed out elsewhere*! that the 
body has stored or dispensable nitrogen 
that can be called upon in a crisis without 
apparent ill effect. This nitrogen is thought 
to be intracellular, there being no specific 
depots for nitrogen as there are for fat. 
Since brief periods of starvation produce 
no demonstrable difficulties in non-depleted 
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subjects as shown by their behavior after 
injury or operation when no special efforts 
at feeding are made, it would appear that 
there is no need for parenteral nourishment 
in this group. However, after prolonged 
periods of undernutrition the existing deple- 
tion of nitrogen stores may lead to hypo- 
proteinemia due to inability to meet the 
increased demands for nitrogen associated 
with operation. 

Replenishment of protein stores is ob- 
viously desirable in these depleted patients. 
Experience with high protein intakes indi- 
cates that this is more readily accomplished 
before operation since more nitrogen may 
be stored from a given amount of protein 
nitrogen before than after surgery. The oral 
route should be employed under these cir- 
cumstances since parenteral administration 
does not generally result in retention of 
nitrogen. The rationale for employing pa- 
renteral nutrition when oral feeding is not 
available prior to operation presumably 
rests more on the restoration of liver func- 
tion®’ and on the effects of adaptation to a 
more vigorous nitrogen turnover"® than 
on storage of nitrogen. The amounts of 
nitrogen retained during such treatment are 
limited due largely to the inadequate pro- 
vision of calories. This of therapy, 
_ however, is probably justified, especially in 
conjunction with plasma or whole blood,'® 
although only for a short period preopera- 
tively since rapid weight loss, as well as 
poor nitrogen retention, may result from 
inadequate calories. 

In the postoperative period, parenteral 
nitrogen therapy is intended to lessen 
nitrogen loss. This can be accomplished 
although, again, nitrogen retention cannot 
be expected in the face of the provision of 
low calories and of increased demand. 
Thus, such therapy will not necessarily 
prevent hypoproteinemia. 

It should be pointed out that administra- 
tion of high nitrogen levels parenterally, 
once begun either before or after operation, 
should be continued during the first few 
days after operation. Otherwise, the sudden 
discontinuance or reduction of the nitrogen 
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intake for one or two days may result in 
sharp nitrogen losses due to the fact that the 
nitrogen excretion continues at the same — 
level as if the high intake had continued. A 
loss to the body of 20 to 30 Gm. of nitrogen 
in a single day may thus result. (Fig. 1.) 
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operative period 
S. C. Ann. Surg., 126: 180, 1947.) 


This loss may be minimized in the later 
postoperative period when the patient can 
ingest adequate amounts of food protein 
and calories to compensate for a reduced 
intake by vein. 

If postoperative therapy appears indi- 
cated for the reasons just discussed, the 
question then arises as to what benefit 
results in actual clinical experience. In the 
observations made at the Presbyterian 
Hospital it was not possible to prove better- 
ment beyond question.'? Twenty-five pa- 
tients undergoing subtotal gastrectomy for 
peptic ulcer were compared with fifty 
patients handled identically, except that 
the latter received no parenteral nitrogen 
postoperatively. Such a comparison in 
respect to benefit from parenteral nitrogen 
therapy after operation is admittedly diffi- 
cult due to lack of objective criteria. 

Nitrogen was spared the amino acid- 
treated patient as compared with the 
controls, judged from nitrogen balance de- 
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Fic. 1. Showing sharp loss of nitrogen following in- 
terruption of amino acid therapy by vein in the post- 
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terminations. Clinically, one-third of the 
control patients suffered some complication, 
possibly, but not unquestionably, attribut- 
able to the consequences of hypoproteinemia. 
The remaining two-thirds of the control 
patients behaved in every way as did the 
group given parenteral nitrogen; they ate a 
full diet, had a subsidence of temperature 
and left the hospital after the same interval 
as did the treated patients. Thus, the 
difference between the two groups, in terms 
of clinical benefit, is suggestive only and is 
not conclusive. 

It may be proven by more extensive 
experience that postoperative nitrogen ad- 
ministration will prevent the complications 
which afflicted one-third of the control 
group. The use of such materials would 
then be indicated in all operated patients 
since one cannot predict in which case a 
complication will develop. 

One cannot help but wonder if the use of 
hydrolysate and amino acid by vein should 
not be limited first, to those postoperative 
cases in which previous protein depletion 
has occurred and has not been replenished 
preoperatively; second, to those in which 
evidence of a postoperative complication 
already has appeared. 


CONCLUSION 


Critically controlled observations are still 
needed to evaluate the proper place of 
parenteral hydrolysate and amino acid 
therapy in man. 
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Amino Acid Mixtures as Parenteral Protein 
Food’ 


ROBERT ELMAN, M.D. 
St. Louis, Missouri 


S tures have been established as a 
means of giving protein food paren- 
terally. The present paper aims to sum- 
marize the literature on its use during the 
years 1945, 1946 and 1947. Reports previ- 
ous to 1945 have been discussed elsewhere. '* 
In reviewing the fairly large bibliography 
which has developed on the parenteral use 
of amino acid mixtures only reports con- 
taining objective data were selected. 
Terminology. Considerable confusion 
exists as to terminology because many 
preparations contain only amino acids, 
others amino acids and peptides; moreover, 
those containing only amino acids may 
either be mixtures of the pure crystalline 
material or completely hydrolyzed protein. 
While no simple, all inclusive term seems 
satisfactory, the author prefers to use amino 
acid mixtures to include both the pure 
crystalline material on the one hand as 
well as protein hydrolysates (or digests) on 
the other. This is similar to the generic term 
amino acid preparations used in the 1947 
edition of New and Non-Official Remedies*® to 
apply to the two protein hydrolysates 
described. The word peptide might be 
added, i.e., amino acid and peptide mix- 
tures, except that it detracts from simplicity. 
Moreover, all preparations containing pep- 
tides also contain amino acids; it would seem 
that the term mixture should include pep- 
tides as well as other substances present. 
The term amino acid mixture is prefer- 
able to the term protein hydrolysate, in 
that the latter may be applied to protein 


OLUTIONS containing amino acid mix- 


which has been only slightly digested and 
therefore designed to be injected not as a 
source of prot-:in food but as a colloidal 
solution. For example, solutions of gelatin, 
although used for their colloidal effect, are 
always hydrolyzed since the extraction with 
boiling water from tissues leads to consider- 
able splitting of the molecule at peptide 
linkages. Several preparations examined by 
the author contained as much as 4 to 6 per 
cent of the nitrogen as free amino acids. 
Federov”’ prepared a weekly hydrolyzed 
casein in order to render it non-antigenic 
so that it could be used for its colloidal 
effect. Brinkman et al.‘ described a more 
extensively broken down casein hydrolysate 
in which there was a sufficient concentration 
of large particles to exert a definite colloidal 
effect and yet contained enough free amino 
acids and small peptides to serve as a source 
of parenteral protein food. Thus, the term 
protein hydrolysate can be applied to prepa- 
rations in which the digestion has had pur- 
poses other than the production of amino 
acids or small peptides for nitrogenous 
nourishment. It should be emphasized that 
the term amino acid mixture is used only 
for this general discussion of the subject; 
when applied to the sale of preparations 
for clinical use, other considerations apply. 


VARIETIES OF AMINO ACID MIXTURES 


A number of different amino acid mix- 
tures have been described in the literature 
in a variety of ways. It is often difficult to 
know just what kind of preparation is being 
used inasmuch as the published details are 
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often scanty. With this in mind, an attempt 
will be made in the following discussion to 
describe the various preparations. A brief 
summary is also presented in Table 1. It 
should be emphasized that only prepara- 
tions designed for parenteral use will be 
considered. 

An amino acid mixture prepared from 
pure crystalline material was first injected 
in 1940 by Shohl and Blackfan.** Subsequent 
to this Madden and his co-workers examined 
the effect of various pure mixtures in the 
regeneration of serum protein in depleted 
dogs*® and in humans.‘’? Both groups of 
investigators used solutions made up with 
single amino acids put together in various 
proportions. Shohl and Blackfan used a 
mixture matching as closely as possible the 
composition of casein; Madden and his co- 
workers employed mostly essential amino 
acids plus glycine. Many of the single amino 
acids were synthetic and available only in 
the racemic form so that the final prepara- 
tion often contained a fairly large propor- 
tion, up to 20 per cent or more, of the 
constituent amino acids in the unnatural 
form. Madden and his co-workers employed 
many different mixtures but most of the 
observations subsequently were made with 
the so-called vuj mixtures. The most ex- 
tensive study in the human with the vuj 
mixture of crystalline amino acids was 
carried out by Werner,® who observed the 
effect of this solution when injected intra- 
venously in a total of seventy-three patients. 

Of the amino acid mixtures prepared 
from protein hydrolysates, the enzymic 
casein hydrolysate amigen, and the acid 
casein hydrolysate fortified with trypto- 
phane parenamine have been described 
previously.'* A number of other hydroly- 
sates have been prepared and studied in the 
past three years. White and Weinstein,’® in 
a group of forty-nine surgical patients, in- 
jected intravenously 200 L. of a 6 per cent 
protein hydrolysate which was described 
merely as “an enzymatic digest of mam- 
malian protein.” Extensive studies have 
also been made with a partial acid hydroly- 
sate of casein and of fibrin, prepared by the 
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method described by White and Elman.* 
Studies with this preparation have been 
reported in animals by Risser and his co- 
workers® Frost and his co-workers?*-?> and 
in humans by Koop et al.***’ This type of 
acid hydrolysate differs from previous 


TABLE 1 
VARIOUS AMINO ACID MIXTURES INJECTED INTRAVENOUSLY 


Type of amino acid mixture Name 
Crystalline amino acids................ VUJ 
Crystalline amino acids................ VU 
Enzymic casein hydrolysate............ Amigen 


Complete fortified acid casein hydrolysate. Parenamine 
Enzymic hydrolysate mammalian protein 
Partial acid hydrolysate of fibrin and 


Enzymic dialyzed casein hydrdlysate. ... Aminosol 
Papain pork hydrolysate............... 
Lyophilyzed acid casein hydrolysate..... .......... 

Baxter 

Partial (fortified) acid casein hydrolysate. ... ...... 
Acid hydrolysate of fish protein......... Cutter 
Complete fortified casein hydrolysate (glu- 

tamic and aspartic acid removed)..... ........... 


preparations in that the degree of hydrolysis 
is not complete so that peptides are present, 
the proportion of which may vary within 
certain limits. This partial acid hydrolysate 
of fibrin has been called aminosol by the 
manufacturer. However, the same word has 
been applied to a Swedish product by 
Wretlind,’?** and by Goldberg and Wret- 
lind.?” The latter product was made by 
first digesting casein with trypsin and erep- 
sin and then dialyzing the solution to rid it 
of larger particles. It has been used in 
animals and in humans. Several partial acid 
hydrolysates prepared according to the 
method of White and Elman® in which 
pure amino acids have been added have 


also been described by Sahyun*® and em- 


ployed in animal studies. An amino acid 
mixture described merely as a “Baxter 
product” was given intravenously to a 
patient with ulcerative colitis by Remington 
et al.,°? with excellent clinical effect. Kozoll 
et al.** injected in four patients with upper 
intestinal obstruction a product made by 
Cutter by the acid hydrolysis of fish protein. 

A papain digest of animal protein was 
described rather briefly in a report by 
Basu;'? it was apparently similar to the 
papain digest previously reported by Krish- 


762 
nan‘? made by hydrolyzing pork. The same 
preparation was also used by Viswanathan® 
in patients with hepatitis and the process of 
hydrolysis described more fully. Hoffman 
and his co-workers*! and Kozoll and Mok** 
injected an acid casein digest in which some 
of the aspartic and glutamic acids had been 
removed and the product finally lyophilized. 
Perhaps similar to this is a brief report by 
Eckhardt et al.'® who described a complete 
acid digest of casein rendered free of aspartic 
and glutamic acids to which tryptophane, 
methionine and glycine were added. 
Variations in Amino Acid Mixtures. Amino 
acid mixtures may vary in many ways, 
entirely apart from their relative composi- 
tion of amino acids and peptides. First is the 
presence of substances, not amino acids or 
peptides, which remain during the prepara- 
tion of any solution of hydrolyzed protein. 
Some of these substances are really im- 
purities which have resisted attempts at 
removal and may be responsible for some 
of the reactions which follow their entrance 
into the blood stream. Other substances 
may be of nutritional value insofar as food 
protein may contain as yet unknown con- 
stituents other than amino acids. Crystal- 
line amino acid mixtures, of course, should 
contain no material of this sort if the indi- 
vidual acids have been adequately purified. 
Variations may also occur in the pH of 
solutions of amino acid mixtures, depending 
upon the tvpe of preparation but also upon 
the proportion of the various amino acids 
present. The isoelectric point of amino acids 
varies; many are acid and others are alka- 
line, depending largely upon the presence 
of one or two free amino or carboxy] radi- 
cals. The pH of an intravenously injected 
solution of amino acids is much more im- 
portant than that of glucose because the 
former is such an excellent buffer. Solutions 
of amino acids which are very far from the 
neutral point may therefore have a signifi- 
cant influence on the acid base balance. 
Such solutions can, of course, be neutralized 
by adding a mineral acid or base, but this 
may lead to difficulty since the amino acid 
portion is rapidly metabolized, leaving a 
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free acid or base in the body. On theoretical] 
grounds it would seem that a proper mixture 
of basic and acidic amino acids would be 


- the best way of preparing a neutral solution. 


The electrolyte composition of amino 
acid mixtures may also vary greatly. For 
example, hydrolysates prepared from ani- 
mal cells will contain much potassium and 
magnesium; the pork digest of Krishnan*°® 
must certainly be rich in these salts which 
are largely the sole intracellular electrolyte. 
Fibrin and casein, on the other hand, being 
extracellular proteins will contain relatively 
little salt, mostly sodium. As far as soluble 
salts are concerned the final electrolyte 
composition of electrolyte is of more than 
academic interest. In surgical patients, for 
example, too much sodium chloride may 
be harmful when not needed. On the other 
hand, some salt is always necessary. The 
need for potassium and magnesium is not 
yet established, but further study may show 
that it plays an important part in the 
synthesis of intracellular protein from amino 
acids and peptides. 


REACTIONS FOLLOWING INTRAVENOUS 
INJECTION 


In spite of much study there is some con- 
fusion in the literature as to the cause or 
causes of the various reactions which may 
follow an intravenous injection of amino 
acid mixtures. However, the use of these 
solutions is now so extensive that serious or 
frequent reactions are largely a thing of the 
past. 

Nausea and Vomiting. ‘There is general 
agreement that certain solutions containing 
only the essential amino acids plus glycine 
in crystalline form can be given to humans 
at very much more rapid rates without the 
production of nausea and vomiting than 
is the case with solutions of hydrolyzed 
protein. This observation was first made by 
Madden and his co-workers‘? and con- 
firmed by many others since then.!7"°!'6 Of 
the specific amino acids, glutamic and 
aspartic acids were first shown to be re- 
sponsible for nausea and vomiting in dogs 
by Madden et al.*4 Smyth et al.*? confirmed 
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these observations in humans. In both 
studies the glutamic acid solution was 
neutralized with sodium bicarbonate and 
sterilized by heat. On the other hand, the 
present author’’ injected unneutralized 
glutamic acid sterilized by heat in three 
patients without any evidence of reaction. It 
would seem that pH and heat have an effect 
upon the emetic properties of this amino 
acid perhaps by its conversion to pyrro- 
lidonecarboxylic acid. The observations 
recorded by Werner®® should be men- 
tioned in connection with reactions follow- 
ing the intravenous injection of amino acdi 
mixtures. This worker found that a solution 
of the vuj crystalline amino acid mixture 
at pH 5.5, if neutralized, provoked nausea 
and vomiting even when injected in small 
amounts. Roth et al.** confirmed the emetic 
effect of glutamic acid in dogs with a solu- 
tion prepared by dissolving the natural 
unneutralized amino acid in a 5 per cent 
solution producing a pH of 1.1. No mention 
was made as to whether the solution was 
sterilized by heat. They found that the 
average dose which produced vomiting on 
intravenous injection was 136 mg. per Kg. 
of body weight. Nembutal improved the 
tolerance by 84 per cent, epinephrine by 
45 per cent; however, the tolerance was 
increased on repeated injections four to six 
days later. Unna et al.® injected neutralized 
2 per cent glutamic acid and also aspartic 
acid intravenously in dogs and found that 
both produced emesis which was not im- 
proved by the addition of glycine. Whether 
or not the solution was sterilized by heat 
was not stated. 

The probable influence of aspartic and 
glutamic acid on nausea and vomiting in 
the human was described in a brief pre- 
liminary report by Eckhardt et al.,'® in 
that a 10 per cent solution of a complete 
acid hydrolysate of casein was used in 
which these two amino acids were said to 
be completely removed and tryptophane, 
methionine and glycine added. The solu- 
tion was given at a very rapid rate, 500 cc. 
in ten or fifteen minutes. Only rarely was 
vomiting observed and only one-fourth of 
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the patients had nausea. At one hour even 
nausea was rare. No thrombosis was noted. 
The method of preparation of the solution | 
was not described. 

That nausea and vomiting may be caused 
by unnatural amino acids was shown by 
Howe et al.** in very carefully controlled 
observations in dogs. They found that the 
racemic form, especially methionine, was 
responsible for considerable nausea and 
vomiting and that glycine neutralized this 
effect. This would explain the observation 
of Madden and his co-workers*‘ that the 
addition of glycine improved the tolerance 
of crystalline mixtures of essential amino 
acids. Howe and his co-workers** found 
that the monoamino and monocarboxylic 
amino acids produced no nausea or vomit- 
ing when injected at a rate of 5 to 22 mg. of 
nitrogen per Kg. per minute. However, the 
same amino acids in the racemic form pro- 
duced repeated vomiting even when given 
at a rate of 1 to 2 mg. of nitrogen per Kg. 
per minute. A mixture of nine natural es- 
sential amino acids could be given at a 
rate of 20 to 35 mg., yet only two of nine 
were followed by vomiting. This careful 
study it would seem indicates that, in the 
dog at least, the unnatural forms of amino 
acids may produce severe nausea and vomit- 
ing. These conclusions have been previously 
reached by Cox et al.'® although no detailed 
evidence was presented. 

Other Reactions... Many observations have 
been made of the tolerance to intravenous 
injections of various amino acid mixtures. 
One of the most extensive studies was car- 
ried out by Hecht*® who injected 500 cc. of 
parenamine in saline, in glucose or in 
glucose-saline at a concentration of 1.5 to 
7 per cent 550 times in 303 patients. ‘There 
were twenty-two reactions or an incidence 
of 4 per cent. However, in only 1.3 per cent 
of the injections did the infusion have to be 
discontinued. The twenty-two reactions 
were classified as follows: chills and/or 
fever, eight times; nausea and vomiting, 
eight; headache, two; dypsnea, two; pre- 
cordial and lumbar pain, one each. No 
reaction was alarming. Smyth and his co- 
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workers®* compared the effect of parena- 
mine, of amigen and of a crystalline mixture 
of amino acids in eight patients. Parena- 
mine, after a dose of 15 Gm. injected during 
two hours, produced relatively severe symp- 
toms such as dizziness, nausea, vomiting, 
anorexia and weakness as compared with a 
similar dose of amigen. In a subsequent 
study by the same authors,**® parenamine 
was found to produce pronounced depres- 
sion in appetite as compared with amigen. 
Crystalline amino acid mixtures had no 
effect whatever on appetite and was toler- 
ated best of all in that it could be given at a 
much more rapid rate than the other two 
preparations without producing symptoms. 
Werner® gave 350 infusions of crystalline 
amino acids in an 8 per cent solution at a 
maximum rate of injection of 400 cc. per 
hour. There was no nausea or vomiting 
and only five patients had pyrogenic reac- 
tions. A study by Winbury and Crittenden"’ 
is of interest in showing some of the dele- 
terious effects following the intravenous in- 
jection of amino acids, but the doses used 
were so high that they probably had very 
little clinical significance. An attempt to 
study the sensitivity of humans to various 
preparations of hydrolyzed proteins as a 
guide to the safety of intravenous injections 
was made by Ficarra*' who used an intra- 
dermal test. The author found that patients 
will react to one product but not to another. 
However, no data were reported. 

The dialyzed casein digest described by 
Goldberg and Wretlind*®’ was injected in 
doses of 500 cc. of a 3.3 per cent solution 
intravenously to 2 Kg. rabbits with no 
harmful effects. The tolerance to the injec- 
tion in mice was greater than in guinea 
pigs and rabbits. Using a 26 per cent solu- 
tion, rabbits required 6 to 24 Gm. per Kg. 
before a fatal outcome was produced. These, 
of course, are tremendous doses and one 
wonders whether the effect was not due to 
the abnormally large volume of fluid in- 
jected rather than to its content of protein 
hydrolysate. The injections used would be 
equivalent to giving 15 to 52 L. toa 70 Kg. 
man. The clinical use of this digest in 
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moderate doses had provoked no untoward 
effects. 

Curreri et al.'* described a fatality 
following the intravenous injection of an 
amino acid mixture (amigen). Although 
the cause was not established, most of the 
data would suggest that a highly con- 
taminated solution was responsible. 


METABOLISM OF INTRAVENOUSLY INJECTED 
AMINO ACID MIXTURES 


During the past three years a number of 
metabolic studies have been carried out 
following the intravenous injection of amino 
acid mixtures. 

Urinary Excretion of Amino Acids or Peptides. 
Risser and his co-workers** found in control 
observations in animals on a normal oral 
protein intake that 3 to 9 per cent of the 
total urinary nitrogen was amino acid 
nitrogen. However, if the urine was hy- 
drolyzed with acid, the value for amino 
acid nitrogen was doubled, indicating the 
excretion of polypeptides. It is obviously 
important to measure the excretion of both 
amino acids and polypeptides in the urine, 
particularly when partial protein hydroly- 
sates containing peptides are injected. Risser 
and his co-workers found that the injection 
of a partial hydrolysate, 75 to 83 per cent of 
the nitrogen of which is present as peptides, 
produced just as an effective nitrogen bal- 
ance as a complete hydrolysate given at the 
same minimal level of 120 mg. of nitrogen 
per Kg. per day, in spite of the fact that 
there was a large excretion of peptides and 
amino acids with the partial hydrolysate. 
This would seem to indicate that something 
was present in the retained part of the 
partial hydrolysate which improved nitro- 
gen balance, inasmuch as the part not 
excreted could have maintained balance 
at a much lower level of intake. They also 
found that the excretion of peptides was 
greater with rapid injections, for example, 
162 mg. of nitrogen per Kg. injected in 
thirty-five minutes resulted in the urinary 
loss of 15.5 per cent as amino acids and of 
28.7 per cent as amino acids and peptides. 
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An important study of peptides in the 
urine as well as in the blood was carried out 
by Christensen and his co-workers® using 
newer methods for the detection of peptides. 
They studied first of all the effect of intra- 
venous amigen in humans. This enzymatic 
hydrolysate of casein produced a prolonged 
increase of blood peptides, but the free 
amino acid level promptly dropped to 
normal levels following the injection. How- 
ever, 36 to 53 per cent of the peptides, in 
contrast with but 2.4 to 6 per cent of amino 
acid present in the original hydrolysate, 
appeared in the urine. The authors con- 
clude, therefore, that the peptides of amigen 
appear to be less readily utilized by the 
tissues and more poorly retained by the 
kidneys than pure amino acids. Christensen® 
in further studies compared the urinary loss 
and nitrogen balance of intravenous amigen 
with that of aminosol (partial acid hy- 
drolysate of fibrin). First of all it was 
observed that with both products the disap- 
pearance curve in the blood of both amino 
acids and peptides, after intravenous injec- 
tion, was about the same. Since aminosol 
contains twice as much peptide nitrogen as 
amigen, it was concluded that the peptides 
from the partial acid hydrolysate were more 
efficiently utilized than from the enzymatic 
hydrolysate. This was confirmed by the 
fact that only about 25 per cent of the 
peptides in aminosol was lost in the urine, in 
contrast to the higher figure of 40 per cent 
for peptide loss following the injection of 
amigen. It should be noted, however, that 
the magnitude of the nitrogen balance was 
‘identical for the two preparations. The 
dose used in these studies was 500 to 1,000 cc. 
containing 7.2 Gm. of nitrogen per L. Ina 
foo:note the authors describe an experi- 
mental preparation of aminosol in which 
the hydrolysis was carried further so that 
the peptide nitrogen content was similar to 
that of amigen; this product after injection 
was followed by a loss of only 10 to 18 per 
cent of its peptide nitrogen in the urine. 
Smyth et al.*' also observed in humans that 
as compared with parenamine and a mix- 
ture of crystalline amino acids, amigen was 
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followed by the largest excretion of amino 
acid nitrogen, most of it being peptide 
nitrogen amounting to 11 per cent of the 
amount injected. Werner® studied the 
urinary excretion of amino acids in fifteen 
humans following the intravenous injection 
of 80 to 240 Gm. of crystalline amino acids 
(vuj mixture). The amount lost in the urine 
was a very tiny percentage of the amount 
injected, i.e., 1 to 4 Gm. This is surprising 
in view of the fact that 14 per cent of the 
vuj mixture consisted of the unnatural 
forms. In a previous study by the author,"’ 
in which a similar mixture of crystalline 
amino acids (vu) was injected, nearly all, 
or 20 per cent, of the unnatural amino 
acids appeared in the urine. 

Other Studies. An interesting study of the 
fate of an acid hydrolysate of casein when 
injected into rats was carried out by Fried- 
berg and Greenberg.”? Parenamine was 
injected (10 cc. in isotonic saline solution 
adjusted to a pH of 7.4 with sodium car- 
bonate) at a rate of 0.16 Gm. of amino 
nitrogen per Kg. of body weight. The 
animals were killed fifteen minutes later 
and several amino acids measured in vari- 
ous parts of the body. It was found that 80° 
to 90 per cent of, the amino acids had 
disappeared from the plasma. The liver 
and kidneys contained the greatest increases 
but that in the liver was much less. No 
increase was found in the brain. The 
authors found that normally the liver con- 
tains 32, the kidney 46, muscle 19, brain 43 
and plasma merely 6.4 mg. per cent of 
amino nitrogen. This study confirms to a 
considerable extent the older observations 
made by Van Slyke and Meyer. 

Hoffman et al.*? measured blood changes 
in thirty humans following the intravenous 
injection of parenamine in doses of 45 Gm. 
per L. given at the rate of 300 to 350 cc. per 
hour. The solution had a pH of 4.2. The 
maximum mean changes were an increase 
of +4.9 mg. of amino nitrogen when about 
one-half of the injection had been com- 
pleted, and +6.6 in the non-protein nitro- 
gen one hour following the injection. 
There was a fall in the phosphate of the 
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plasma amounting to but 0.5 mg. per cent 
at the middle of the injection, and a fall in 
the carbon dioxide combining power of 4 
volumes per cent at the end of the injection. 
Werner,® using the vuj mixture of crystal- 
line amino acids, found pronounced falls 
in the CO; combining power of the plasma 
after the injection of 3 L. of an 8 per cent 
soiution, the values varying from 16 to 58 
volumes per cent (controls 53 to 73). One 
fatal case was described in which a drop to 
16 volumes per cent was observed. This 
worker found it necessary to provide sodium 
lactate as a base when large amounts of 
solutions were injected, presumably be- 
cause the vuj mixture, when dissolved, had 
a pH of 5.5. Similar observations have not 
been made by others using this same 
preparation. 

A study of the effect of intravenous amino 
acids on creatine was made by Grossman.”* 
In four control patients given 50 Gm. of 
glucose as a 50 per cent solution intrave- 
nously there was no increase in the serum 
creatine although one had creatinuria. In 
twelve patients given 50 Gm. of amigen 
intravenously, either as a 10 or 5 per cent 
solution plus 5 per cent glucose, six showed 
increases of serum creatine with an associ- 
ated creatinuria; two had increases in 
creatine in the urine and not in the blood; 
four had no change in the creatine of either 
the urine or the blood. Single creatine 
measurements were reported in thirty-nine 
patients not given injections; fifteen had 
creatinuria, often with a high serum level. 
These were usually in patients with severe 
symptoms; in several there was a fatal 
outcome. 

Nitrogen Balance Studies. Most of the 
metabolic observations following the intra- 
venous injection of amino acid mixtures 
have dealt with measurement of nitrogen 
balance. While one may question the value 
of such measurements as an indication of 
protein synthesis, it remains as our most 
single useful method of determining the 
ability of protein to be utilized by the body 
tissue. When carefully carried out with ade- 
quate controls, it is probably of considerable 
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value in determining whether an intrave- 
nous mixture of amino acids 1s actually 
utilized by the body for synthesis of tissue 
protein or whether it is simply deaminized 
and burned. 

A provocative study of nitrogen balance 
was carried out by Cox et al."' in dogs in 
which various doses of different amino acid 
mixtures were given intravenously. It was 
found that at low levels of intake a mixture 
of crystalline amino acids maintained nitro- 
gen balance better than in a similar level 
of amigen whereas at a high level of intake 
the reverse was true. The authors pointed 
out that the classification of an amino acid 
as essential is based upon the body’s in- 
ability to synthesize it from other nitroge- 
nous sources and that if only the essential 
amino acids are supplied the body must 
convert them to the so-called unessential 
amino acids. In this sense all the amino 
acids that go to form body protein are 
essential, and it is preferable for a protein 
hydrolysate to have both essential and un- 
essential amino acids for maximum effi- 
ciency. One interesting finding was that 
although more amino acids were lost in the 
urine with the crystalline mixture than 
with amigen (including peptide losses), yet 
the nitrogen balance was similar in both 
cases. This, of course, raises the question as 
to how important certain peptides may be 
in promoting nitrogen utilization. 

Comparative nitrogen balance studies 
have been made with different channels of 
administration. For example, Kade**> meas- 
ured the nitrogen balance in three dogs on a 
non-protein intake given parenamine intra- 
venously and intraperitoneally and com- 
pared them with the oral intake of protein. 
The nitrogen balance was just as good with 
the intravenous as with the oral route. 
However, the intraperitoneal gave poorer 
nitrogen balance than the intravenous in- 
jections. Silber et al.*’ also found just as 
good nitrogen balance with an amino acid 
mixture given intravenously as orally even 
though there was a greater loss of amino 
acids in the urine during intravenous in- 
jections. The experiments were carried out 
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by first maintaining dogs on oral amino 
acids for forty days followed by twenty-four 
days of intravenous administration; the dose 
was 209 to 216 mg. of nitrogen per Kg. per 
day with the caloric intake 80 calories per 
Kg. per day. The amino acid mixture was 
apparently crystalline. In a similar experi- 
ment Sahyun® with a partially fortified 
acid casein hydrolysate found at an intake 
of 130 and 140 mg. of nitrogen per Kg. per 
day in one dog that the intravenous also 
gave just as good positive nitrogen balance 
as the period of oral intake which preceded 
and followed. However, in a second experi- 
ment the loss of nitrogen during the intra- 
venous injection was greater. 

Comparison of oral vs. intravenous ad- 
ministration was made in the human by 
Kozoll and Mok** who found that a lyophi- 
lized acid casein hydrolysate gave better 
nitrogen balance when given by mouth 
than when injected intravenously in seven 
of eight cases. Moreover, three of the eight 
gave positive balance with oral and nega- 
tive balances with intravenous intake. Only 
one patient gave consistent positive balance 
but even here the oral was better in this 
respect than the intravenous period. These 
workers also found that a 1,000 calorie 
intake was optimum for nitrogen balance; 
increases did not improve utilization. A 
similar comparison with a different result 
was made by Bigham et al.* who compared 
the intravenous utilization of an amino acid 
mixture with the oral utilization of protein. 
Three patients were given intravenous 
amigen for three days and then the same 
amount of nitrogen as protein by mouth; 
no significant difference was noted in any 
case. In the first patient nitrogen balance 
was +6 Gm. during the oral period, +1.5 
during the intravenous; in the second 
patient —5.9 with oral, —6.4 with intra- 
venous; in the third, +1.3 with oral and 
+1.5 with intravenous. Madden et al.** 
obtained similar positive nitrogen balances 
with amigen and a crystalline amino acid 
mixture given orally and intravenously in a 
patient with ulcerative colitis. However, 
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the patient obtained more clinical benefit 
from the period of parenteral administration. 

Comparisons of nitrogen balance with 
various amino acid mixtures have been 
made by several observers. The effect of 
varying the period of hydrolysis was studied 
by Frost et al.*° who injected partial acid 
hydrolysates of casein and of fibrin which 
had been digested for two, four, five and 
six hours. Although no detailed data were 
presented, no differences were reported in 
the utilization as shown by nitrogen bal- 
ance; apparently the largest part of the 
utilizable protein material was broken down 
in two hours. The same workers** compared 
a partial acid hydrolysate of casein and of 
fibrin; negative balance, irrespective of the 
addition of dextrose, occurred with the 
casein hydrolysate when a level of 160 mg. 
of nitrogen per Kg. per day was used. A 
positive balance was possible with the fibrin 
hydrolysate at a much smaller dose of 
110 mg. of nitrogen per Kg. per day. In a 
subsequent paper by the same authors” a 
similar difference was observed, i.e., a 
fibrin hydrolysate at a rate of 600 mg. of 
nitrogen per Kg. per day was retained 
better than a similar casein hydrolysate 
given at the same rate. This was also true 
with oral administration. Both hydrolysates 
contained 25 to 35 per cent of free amino 
acids. These results merely serve to empha- 
size that the hydrolytic method must be 
chosen to fit the protein employed since 
Christensen’ found that the acid hydroly- 
sate of fibrin and the enzymic hydrolysate 
of casein gave identical nitrogen retentions 
in man. 

The same partial acid hydrolysate of 
fibrin (aminosol) was used in humans by 
Koop et al.*® When given at a rate of 0.52 
Gm. of nitrogen and 33 calories per Kg. per 
day for four postoperative days after gastric 
resection, there was an average positive 
nitrogen balance of 16.3 Gm. This was 
compared with three patients subjected to 
gastric resection merely given intravenous 
glucose and the usual hospital diet in which 
there was a loss of 30, 46 and 56 Gm. of 
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nitrogen. The same author* carried out a 
much more extensive study of nitrogen 
balance in a series of surgical patients given 
parenamine, amigen, casein, aminosol, fibrin 
aminosol and gelatin. Of twelve patients 
given intravenous amino acid mixtures for 
five days after operation nine showed a 
negative balance varying between 0.1 to 
8.9 Gm. per day whereas three showed a 
positive balance of 4.2, 5.0 and 8.0 Gm. 
The authors, however, subtracted 1 Gm. of 
nitrogen for fecal excretion even though no 
food was taken during this period. 

Some metabolic data were described in a 
case described by Brunschwig et al.° The 
patient had an extensive intestinal fistula 
and was maintained on an exclusively in- 
travenous intake for eight weeks, during 
which time the wound healed remarkably 
and the patient was then operated upon 
without any difficulty. The daily intake 
was no greater than 980 calories, the nitro- 
gen intake was only 6 Gm. daily as amigen. 
Yet during five days in which measurements 
were made the loss of nitrogen was but 
0.78 Gm. per day. Doubtless had this intake 
of nitrogen been increased, the patient 
would have been in positive balance. 

Nitrogen balance was studied with several 
other hydrolysates. White and Weinstein,’° 
in a control series of patients who were given 
routine care after herniotomy, found an 
average loss of nitrogen during the seven 
postoperative days of 70.8 Gm. In one 
patient given intravenously 43.7 Gm. of 
nitrogen as “an enzymatic digest of mam- 
malian protein” for seven days after cho- 
lecystectomy and appendectomy, the nega- 
tive balance was only 19 Gm. In a second 
patient with intestinal obstruction who was 
given 53 Gm. of nitrogen there was a 
negative balance of 9.6 Gm.; the patient 
was in positive nitrogen balance for two 
days. Clinical observations showed excel- 
lent bedside recovery from operation in- 
cluding a sense of comfort and well being 
in the patients given the hydrolyzed protein 
as compared with the controls. Hoffman et 
al.,*' following the injection of a preparation 
of lyophilized casein hydrolysate with as- 
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partic and glutamic acid partially removed, 
observed positive nitrogen balance in nine- 
teen of twenty patients given 42 to 340 mg. 
of nitrogen per Kg. per day as a 10 per 
cent solution. 

The most extensive study on nitrogen 
balance with the vuj mixture of crystalline 
amino acids was carried out by Werner 
who used an 8 per cent solution in seventy- 
three surgical patients, some for periods as 
long as three weeks. Some patients received 
3 L. a day. In two healthy males the intra- 
venous amino acid mixture was substituted 
for 60 of the 90 Gm. of protein in the diet 
with no change in nitrogen balance. In 
fifteen patients nitrogen balance was studied 
before operation. In some cases food also 
was given. As much as 32 to 37 Gm. of 
nitrogen per day were injected. In a few a 
comparison was made between the crystal- 
line amino acids and amigen but no con- 
sistent difference was evident. One of the 
most striking findings was the fact that in 
one patient given both amigen and crystal- 
line amino acids at the same time a daily 
positive nitrogen balance of as much as +16 
to +20 Gm. was achieved. A consistent 
positive balance was not achieved in any 
of the other patients. In the postoperative 
patients (gastrectomies) nitrogen balance 
studies showed definite diminution in the 
degree of nitrogen loss in those given 
amino acids as compared with twenty-nine 
patients treated with the traditional routine. 
Moreover, the patients receiving amino 
acids left the hospital earlier; none had 
postoperative anastomotic obstruction as 
compared with five in the control group; 
temperatures returned to normal earlier; 
there was improvement in appetite and 
ability to eat; a sense of well being and 
restoration of strength was much greater 
than in the control group. Despite a caloric 
intake of only 1,000 or less, nitrogen bal- 
ance was frequently achieved at a level of 
15 Gm. of nitrogen intake. 

Improvement in nitrogen balance by the 
addition of methionine to intravenous 
amigen was shown by Cox et al.'* in dogs 
but not in man, presumably because man 
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has so little hair and thus needs less of the 
sulfur-containing amino acids. 


PHYSIOLOGIC EFFECTS 


Several observations have been made 
showing certain physiologic influences of 
the intravenous injection of amino acid 
mixtures. For example, Learner and his 
co-workers!' made extensive observations 
on dogs and humans following the intra- 
venous injection of a 10 per cent amigen 
solution at a pH of 5. Gastrointestinal 
movements in the humans were measured 
through a Miller-Abbott tube previously 
passed. They found that the large con- 
tractions characteristic of normal duodenal 
movements disappeared during the injec- 
tion. However, various tonus changes and 
an occasional large abnormal contraction 
were noted. These observations were cor- 
related with the patient’s subjective symp- 
toms only in about one-half of the cases. 
Studies on the amino acid level of the 
blood showed a increase up to 6 to 11 mg. 
per cent. There was no change in the pH 
of the blood and the CO: combining power 
fell in only two cases from 63.4 to 59.6 
volumes per cent. Crider and Walker,"* in 
a young female with a large fistula in her 
stomach, observed that the intravenous in- 
jection of an amino acid mixture had an 
inhibitory effect upon the resting activity 
as shown by a decrease in movement and 
in secretion. Lockhardt** found that the 
addition of an amino acid mixture to in- 
travenous glucose apparently increased the 
utilization of glucose as shown by a re- 
duction in the likelihood and degree of 
glycosuria. 


CLINICAL OBSERVATIONS 


Aside from the few patients experiencing 
untoward reactions most reports indicate a 
beneficial clinical effect following the use of 
intravenous amino acid mixtures. Many of 
these have been referred to previously. 
Davis'® compared the clinical effect of an 
intravenous protein hydrolysate (amigen) 
in 203 patients who received 730 L. during 
their postoperative period with fifty other 
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patients who received the usual injections 
of glucose and saline. Both groups were 
private patients operated upon for similar 
conditions by the author of the report. The 
latter group seemed weaker and slower in 
convalescence than those given the amino 
acid mixture. The reaction rate was 3 per 
cent, none severe. The author concluded 
that the addition of protein digest to the 
intravenous fluids was safe and efficacious 
in promoting general well being and 
strength, a quicker return of appetite and 
lessened fatigue. 

Reifenstein®' studied a patient with a 
presumptive diagnosis of carcinoma of the 
stomach for twenty-four days, during which 
all of the intake was intravenous, including 
a solution of amigen. During this period 
the patient was always in positive nitrogen 
balance. This was not increased by increas- 
ing the glucose intake but was increased 
by adding additional amigen to the intra- 
venous fluid. Clinical observations showed 
that hunger was not satisfied by the injec- 
tion of glucose alone but was whenever 
amigen was added to the fluid. 

Methods of Adminstration. Although most 
clinical reports deal with the intravenous 
injection of amino acid mixtures, several 
observations have indicated that the sub- 
cutaneous route is feasible. Crystalline 
amino acids in 8 per cent solution were so 
given twenty-five times in humans by 
Werner® and by Madden and his co- 
workers.*’ Hartmann”? described a solution 
containing equal parts of 10 per cent ami- 
gen, 10 per cent glucose and lactate Ringer’s 
solution which can be given satisfactorily by 
hypodermoclysis in babies. Madden et al.*” 
noted that the subcutaneous injection of a 
crystalline amino acid mixture in dogs 
was utilized slightly better than the intra- 
venous administration. Weinstein®’ gave 
500 injections of hydrolyzed protein solu- 
tion subcutaneously and 200 intravenously, 
apparently without difficulty, but no details 
were reported. 

Value in Hepatic Disease. Although a 
high protein diet seems of established value 
in the therapy of hepatic disease, the intra- 
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venous use of amino acid mixtures has been 
considered dangerous by some, particularly 
in severe impairment in which a high amino 
acid level in the blood is known to occur. 
Indeed, several years ago Hopps and Camp- 
bell®* described a fatality following the 
intravenous injection of amino acids in 
which autopsy showed severe hepatic dam- 
age. On the other hand, Stewart and 
Rourke® at about the same time found that 
patients with severe hepatitis tolerated in- 
travenous injections of an amino acid mix- 
ture just as well as others. This was also 
the experience of Hecht*’ and of Emerson 
and Binkley.'® Lewis et al.‘? studied this 
question specifically by injecting 45 Gm. of 
parenamine in 500 cc. intravenously during 
one hour in eight patients with Laennec’s 
cirrhosis as compared with five normal 
controls. In general there was little differ- 
ence in the plasma changes in urea or amino 
nitrogen of the two groups. In both groups 
there was the same incidence of nausea and 
vomiting. 

That intravenous amino acid mixtures 
have a therapeutic value in hepatitis has 
been shown by two reports. Viswanathan 
treated twenty-seven cases of infective hepa- 
titis by the injection of 700 cc. a day for 
two, three or four days, the solutions con- 
taining 35 Gm. of papain hydrolysate of 
pork. As compared with an equal number 
of controls treated in the usual way, the 
injected patients recovered more rapidly. 
Most striking was the return of appetite 
which occurred in one-third to one-half the 
length of time noted in the controls. Simon 
and Brown”** described a moribund patient 
with evidence of acute hepatic damage who 
recovered following the intravenous injec- 
tion during four days of 3,500 cc. of a 5 per 
cent solution of a casein hydrolysate plus 
glucose. The kind of hydrolysate was not 
mentioned, but it produced marked phlebi- 
tis at the site of injection. 


INDICATIONS FOR USE OF PARENTERAL AMINO 
ACID MIXTURES 


It would seem unnecessary to prove that 
protein feeding is important, particularly 
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in surgical patients in whom there has 
already been much loss of protein tissue. 
Once this premise is accepted indications 
for the parenteral use of amino acid mix- 
tures depend upon the answer to two ques- 
tions: First, is the mixture utilized as protein 
nourishment when given as a parenteral 
injection? Second, is this method of ad- 
ministration indicated? The first question 
obviously depends upon the kind of amino 
acid mixture used. Sufficient evidence has 
been oBtained to show that many of the 
preparations now available are actually 
utilized as protein nourishment. Much of 
this evidence has been summarized previ- 
ously.'* The present review contains addi- 
tional data. The second question is answered 
by considering the particular patient about 
whom the decision must be made. The 
answer is obvious in the case of individuals 
unable to take any nourishment by mouth 
and they include all patients given injections 
of water and glucose for purposes of nutri- 
tion. In all such patients it seems clear that 
appropriate amino acid mixtures should be 
added in order to prevent further protein 
starvation. If we accept the need for protein 
food by mouth, then we must use the same 
criterion in patients unable to eat. 
Parenteral amino acid mixtures are also 
indicated in patients who are able to eat but 
in whom better clinical results will be 
obtained if the patient’s gastrointestinal 
tract is kept completely at rest. These in- 
clude patients with various infections such 
as peritonitis, regional ileitis, certain peptic 
ulcers and particularly patients with in- 
testinal fistulas from which most if not all 
of the nourishment is being lost before ade- 
quate absorption. Complete rest of the 
gastrointestinal tract is also of especial 
value in many patients being prepared for 
operation because such preparation permits 
complete evacuation of the gastrointestinal 
tract. Intravenous feeding during this period 
leads to adequate nutrition of the tissues 
and, with the aid of blood and plasma 
transfusions, correction of edema. In this 
way operations upon the gastrointestinal 
tract are made easier technically and heal- 
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ing is more certain after operation. The 
value of adding an amino acid mixture to 
parenteral injections in the treatment of 
ulcerative colitis has been suggested in the 
single case reports already mentioned, e.g., 
Remington et al.°? and Madden et al.* 
More striking has been the experience of 
Paulson®*® who treated fourteen serious cases 
of ulcerative colitis with total intravenous 
alimentation, using an amino acid mixture 
(amigen) and dextrose, with pronounced 
clinical benefit. 

Clinical benefit may be obtained in pa- 
tients able to digest food, although in limited 
amounts, from parenteral amino acid mix- 
tures. This represents a supplementary 
method of administering protein nourish- 
ment; it may serve to accelerate the return 
to normal and thus shorten the period of 
nutritional rehabilitation in extremely mal- 
nourished patients. It is also probable that 
in extreme starvation the parenteral route 
may be the only method available to rescue 
patients from the otherwise irreversible 
stage which is occasionally seen when there 
is total inability to absorb even liquids by 
mouth. 

Dose of Amino Acids. The amount of 
amino acid mixture required for parenteral 
injection has not been clearly established. 
As much as 30 or more Gm. of nitrogen 
have been injected per day; this represents 
the equivalent of over 180 Gm. of protein. 
Ordinarily the author has used as routine 
a daily intake of 100 Gm. each of amino 
acid mixture and 100 Gm. of glucose in 
2,000 cc. of solution containing about 5 Gm. 
of sodium chloride. This is given in two 
1 L. injections as 5 per cent amigen, 5 per 
cent glucose, one in the morning, one in 
the afternoon or evening. Each injection 
usually requires about two hours. Parenteral 
vitamins may he injected at the same time 
or given separately. The caloric require- 
ments are, of course, inadequately met by 
such a parenteral diet. Previously reported 
evidence has shown that the rest of the 
energy needs may readily and safely be met 
by adipose tissue.'* Further evidence has 
confirmed this basic concept.**** Moreover, 
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Gamble” has found no increase in protein 
sparing effect when the glucose intake in 
humans was increased from 100 to 200 Gm. 
Cannon‘ could reduce the caloric intake 
of rats to 70 per cent of normal without 
influencing nitrogen balance. Thus it would 
seem that for short periods of time at least 
the glucose intake can be safely limited to 
100 Gm. That a less than full caloric paren- 
teral intake of glucose will not lead to 
ketosis was illustrated in a case described 
by Brunschwig et al.° The patient was fed 
exclusively by vein for eight days with 2 L. 
of amigen a day plus blood and glucose and 
gelatin following removal of all of the pan- 
creas and duodenum, stomach and spleen. 
The urine output was over 1,400 cc. a day. 
Although the total daily glucose intake did 
not exceed 200 Gm., usually 150 Gm., no 
acetone or acetic acid was found in the 


urine at any time. 

An intake of 100 Gm. each of an amino 
acid mixture and glucose in an average- 
sized adult probably will not lead to the 
deposition of much tissue protein; how- 
ever, it will minimize or eliminate entirely 
the metabolic loss of tissue protein in most 
cases in which it is indicated. The reports 
indicating its clinical benefit are numerous 
but have not been reviewed herein because 
of the absence of objective data. It seems 
clear, however, that most if not all of the 
advantages of protein feeding by mouth 
can be readily achieved in patients unable 
to eat by this form of protein alimentation. 
The parenteral route, however, must always 
be viewed as a temporary expedient aimed 
at restoring the patient as rapidly as possi- 
ble so that he may take all of his nutritional 
needs by mouth. Full tissue repletion can 
probably be achieved only through the 
normal channel. 

It should be emphasized that amino acid 
mixtures serve merely as building blocks for 
protein synthesis for the body and that other 
forms of parenteral protein, i.e., hemo- 
globin as red cells and plasma proteins 
are nearly always indicated in _protein- 
depleted patients. This is particularly true 
of loss of red cells which can be readily and 
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permanently replaced. Injections of plasma 
and particularly salt-poor albumin are also 
useful protein-deficient patients even 
though they have many disadvantages 
when used as the sole source of protein 
intake. In the complete care of protein- 
depleted patients requiring parenteral ther- 
apy one should employ each of the three 
forms of protein administration, 1.e., hemo- 
globin as red cells, plasma albumin as such 
or as plasma and amino acid mixtures. 


SUMMARY 


Review of the literature since 1945 has 
confirmed previous studies regarding the 
safety and utility of appropriate amino acid 
mixtures as parenteral protein food. The 
addition of such solutions to the parenteral 
fluids given for purposes of maintenance 
assures an almost complete nutritional in- 
take during periods when the patient is 
unable to take anything by mouth and/or 
when we wish to keep the gastrointestinal 
tract completely at rest. Supplementary 
protein alimentation may also be useful by 
this method. Use of parenteral amino acid 
mixtures enables the physician to treat 
disease without protein starvation. Since 
protein starvation is known to be detri- 
mental, the boundaries of surgical or 
medical therapy, previously limited thereby, 
can now be greatly extended. 
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Case Reports 


Spontaneous Rupture of the Heart Due to 
Myocardial Infarction’ 


FRANKLIN C. MAssEy, M.D.f and W1LL1AM L. DRAKE, JR., M.D. 


Seattle, Washington 


UPTURE of the heart subsequent to 

R myocardial infarction is a lesion 

which, while well understood, is 

but seldom appreciated. Its occurrence is 
dramatic and its presence ominous. 

Krumbhaar and Crowell‘ reported 654 
cases of spontaneous rupture of the heart 
due to myocardial infarction; these include 
twenty-two of their own and 632 collected 
from the literature. Seven instances were 
seen at the Philadelphia General Hospital 
among 16,000 autopsies. Friedman and 
White? quote Martland as “finding rupture 
of the myocardium as a cause of death in 
42 (2.1 per cent) of 2,000 cases of individuals 
who died suddenly; all of the 2,000 cases 
were over 10 years old, the majority being 
between 40 and 65, five-sixths males and 
one-sixth females.” Friedman and White 
state further, ‘““Among 25,000 post-mortem 
examinations at the Los Angeles County 
Hospital from 1924 to 1941 there were 865 
cases of unhealed myocardial infarction, of 
which 72 (8 per cent) showed cardiac 
rupture.”! (Table 1.) 

At the Massachusetts General Hospital 
Friedman and White examined the pro- 
tocols of 2967 autopsies, in 270 of which 
myocardial infarction was observed; acute 
infarction in 105 of the 270, and old coro- 
nary occlusion with healed infarction in 165. 
‘In this latter group numerous ventricular 
aneurysms were found but not a single case 
of rupture occurred. Of the 105 cases of 
acute infarction, all occurring within two 
weeks of death, 10 had as the immediate 
cause of death a rupture of the ventricle 
with tamponade from hemopericardium.” 


Milwaukee Wisconsin 


As opposed to a 3.7 per cent rate of 
rupture following acute myocardial infarc- 
tion in general hospital patients, Jetter and 
White* found that sixteen of twenty-two 
(73 per cent) mentally ill patients with 
acute myocardial infarction developed the 

TABLE 


SPONTANEOUS RUPTURE OF THE HEART 
Due to MyYocarpDIAL INFARCTION 


No. Myo- | Cases of of In- 
Author Autop- | cardial | Cardiac | ¢ ion 
sies Infarc- | Rupture) vin g 
Rupture 
Krumbhaar 
and Crowell.| 47,000 ees 23 
Martland...... 2,000 304 42 13.8 
Edmondson and 
Hoxie....... 25,000 865 72 8.0 
Friedman and 
White....... 2,967 270 10 3.7 


sequence of cardiac rupture: hemoperi- 
cardium, cardiac tamponade and death. 

The mean age of patients dying from 
cardiac rupture is 65.7 years and in mentally 
ill persons with the same lesion 66.5 years. 
This complication is apt to occur between 
the tenth to fourteenth day from initial onset 
of symptoms of myocardial infarction. 


CASE REPORT 


A forty-two year old white male was admitted 
to the Madigan General Hospital on October 22, 
1946, with chief complaints of nausea and 
malaise. The family history contributed little 
except that one sister had died of pulmonary 
tuberculosis. Beyond the usual childhood diseases 


* From the Medical and Laboratory Services, Madigan General Hospital, Tacoma, Wash. 
t King County Harborview Hospital (University of Washington School of Medicine, Unit #1), Seattle, Washington. 
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the patient's own past history was unremarkable 
except that in August, 1944, he was diagnosed 
as having an active duodenal ulcer and was 
treated for the same complaints in June, 1946. 

In October, 1946, the patient went on a 
hunting trip and in the field complained of easy 
fatigability and extreme weakness. He hiked 
extensively for two days and experienced no 
dyspnea, chest pain or other striking symptoms. 
After returning home on October 21, 1946, he 
felt marked malaise, became quite nauseated 
and then vomited several times. This was at 
8:00 p.m. At 10:30 p.m. he felt severe constriction 
over the precordium and beneath the upper 
and middle thirds of the sternum. This discom- 
fort he described as “tightness” and a feeling 
as though “hands were pulling together in my 
chest.”” Intermittent pain occurred every thirty 
minutes during the night but by 8:00 a.m. the 
pain disappeared. Two hours later on October 
22, 1946, the symptoms reappeared and were 
aggravated every fifteen minutes. Their location 
was similar to the previous distress but for the 
first time there was radiation from the anterior 
axillary regions down both arms on the medial 
aspects to the wrists. By 1:00 p.m. the pain con- 
tinued so intense that a physician was called. 
After 15.0 mg. of morphine sulfate were given 
by hypodermic injection there was some relief. 
Within the first thirty hours the patient had 
vomited ten or twelve times. He was hospitalized 
on October 22, 1946. 

Dyspnea became evident after admission and 
the patient broke out into a cold sweat and 
became obviously pallid. On admission physical 
examination revealed some slight tenderness on 
deep palpation in both upper quadrants and 
in the epigastrium. The pulse rate was 96 per 
minute; respiratory rate 24 per minute and the 
temperature 97.6°F. orally; blood pressure read- 
ing was 130/80 mm. Hg; no other pertinent 
cardiac findings were noted. . 

Laboratory studies on October 22nd showed: 
white blood count, 9,500; neutrophils, 80 per 
cent; lymphocytes, 16 per cent; monocytes, 
2 per cent; eosinophiles, 2 per cent. On October 
24th the white blood count was 20,100; neutro- 
phils, 82 per cent; lymphocytes, 10 per cent; 
monocytes, 8 per cent. 

Serologic tests were negative as was a urinaly- 
sis on admission. The sedimentation rate on 
October 22nd was 31 mm. per hour (Wintrobe 
method). An x-ray film of the heart and lungs 
showed a picture compatible with the presence 


of early pulmonary edema. Electrocardiograms 
were taken and are shown in Figure 1. 

On October 23, 1946, the temperature 
climbed to 102°r. No new systems developed 
but physical examination showed a respiratory 
rate of 26 per minute, pulse rate of 128 per 
minute and a blood pressure of 90/70 mm. Hg. 
The heart sounds were distant and gallop 
rhythm appeared. No friction rub could be 
heard and no major changes occurred until 
November ist when the patient complained of 
abdominal distention. Symptomatic therapy 
failed to relieve this complaint. 

Twelve days after admission the patient was 
being examined routinely. At that time he was 
perfectly alert and in a cheerful mood although 
he complained of considerable substernal pain 
without radiation in the upper and middle 
regions which was aggravated by moderately 
deep respiratory efforts. His respiratory rate 
was 24 per minute and pulse 140 per minute; 
the blood pressure was not yet taken. A few 
premature ventricular contractions were heard. 
Suddenly and without warning the patient 
tensed all his muscles, straightened out rigidly, 
the neck dropped backward in opisthotonic 
fashion and tonic and clonic convulsions shook 
him for a few seconds. Following a slight groan, 
his eyes became fixed in lateral strabismus and 
vivid cyanosis developed instantaneously. Dur- 
ing this time one of us (F. C. M.) was auscultat- 
ing the heart. No friction rub was heard before 
this spectacular episode but immediately after 
its inception an intense, grating pericardial rub 
was audible from the third left interspace down 
to the apex. Unfortunately, we had taken the 
stethoscope off the chest for a moment prior to 
the appearance of the pericardial rub to answer a 
question; so if rupture of the ventricle occurred 
at this instant, we did not actually hear it. 
Within three minutes after the onset of the 
episode the patient was dead, respiratory efforts 
ceasing but several seconds before cardiac action 
no longer was detectable. 

The postmortem examination revealed the 
following: The subject was moderately obese, 
measuring 66 inches in height and weighing 
180 pounds. Peripheral edema was absent. 
The heart was completely surrounded by 200 
Gm. of recently clotted blood when the peri- 
cardium was opened. Petechial hemorrhages 
were noted on the exterior of the pericardial 
sac, with ecchymoses in the adjacent left medi- 
astinal fat. The epicardium and parietal peri- 
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CF, 


CF; 


CF, 


CF; 


A B Cc D 


Fic. 1. a, tracing taken October 23, 1946. QRS; widened with slurring 
of R wave. T,; inverted. Downward bowing of ST segment in leads 
1 and 2. R wave absent in lead CF,. B, tracing taken October 24th. T; 
inverted. R waves absent in precordial leads. c, tracing taken October 
25th. T; and T; inverted. p, tracing taken October 28th. T; almost 
isoelectric. T; flattened; convex bowing of S-T segment in lead CFs. e. 
tracing taken October 29th; minimal clevation of S-T seginent in 
lead 2. T; diphasic. S-T segment elevated in lead CF;. F, tracing taken 
November 1st. S-T segment elevated over 1.0 mm. in Lead 1, with 
coving of T,. S-T segment elevated in Lead 2; note beginning inversion 
of T in CF,. G, tracing taken November 1st. Elevation of ST; and ST: 
apparent, with sharper inversion of T,;. Note the ST-T pattern in leads 


CF;, CF, and CF;. 


_Cardium over the entire left ventricle showed 
fine fibrinous roughening without adhesions. 

The heart weighed 450 Gm. Subpericardial 
fat appeared excessive, exteriorly, and on the 
anterior surface of the apex there was a jagged, 
vertical tear parallel to and immediately to the 
left of the interventricular septum. The defect 
was 2.5 cm. in length. The torn edges of the left 
ventricular wall (here thinned to 2 mm. thick- 
ness over an area 2 cm. in diameter) gaped 
slightly, revealing a partially protruding, spheri- 
cal, mural thrombus. This was 2 cm. in diame- 
ter and firmly attached adjacent to the aperture. 
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Interiorly the left ventricular endocardium 
showed extensive mural thrombi in sheet-like 
attachment anteriorly and medially over an 
area 3 by 1.5 cm. The sectioned myocardium 
showed an irregularly outlined, yellow-gray 
area of slight softening involving the left an- 
terior quadrant of the interventricular septum 
and extending anteriorly, laterally and in- 
feriorly to include all except the posterior wall 
of the left ventricle. 

All main coronary arteries showed tortuosity 
and moderate deposition of atheromatous 
plaques without ulceration or calcification. 
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2 
Fic. 2. Gross specimen showing heart lying within pericardial sac. Darkest areas are blood, surrounding heart (hemo- 
pericardium). The necrotic, friable apex is visible, with a lesser circular area of infarction surrounding it. 
Fic. 3. Gross specimen showing site of ventricular rupture (apex of left ventricle) surrounded by area of necrosis. 
Extension of the rupture line was made at autopsy. 


Fic. 4. Left lateral view of heart, again showing the site of rup- 
ture at the cardiac apex. Narrowing of the coronary artery 
is seen in its upper one-third with evidence of ulceration 


and plaque formation. 


Patency was maintained throughout except for 
a distance of 1 cm. along the anterior descending 
branch of the left coronary artery at a point 
1.5 cm. from the latter’s ostium. Here a subin- 
timal purplish bleb had narrowed the lumen 
to pinhead size. Immediately distal a 2 mm. 
partially occluding thrombus was seen. (Figs. 2 
to 5.) 

Recent infarction involved the upper one- 
third of the spleen and a portion of the right 
kidney. Gallbladder, stomach and duodenum 
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Fic. 5. The heart, in gross, with left ventricle 
exposed to show the aneurysmal thinning of 
the myocardium over the area of infarction 
and the friable, necrotic tissue overlying a 
large intramural clot. 


were without gross abnormality and generalized 
arteriosclerosis was slight. 

Microscopically the infarction of the myo- 
cardium revealed extreme variations in the 
microscopic picture; areas of finely collagenous 
but highly cellular fibrous tissue with prolifering 
fibroblasts alternated with “‘sequestra”’ of com- 
pletely necrotic muscle, as yet uninvaded by 
exudate and surrounded by pigmented macro- 
phages and fibroblasts. In a few places poly- 
morphonuclear activity among necrotic muscle 
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fibers was still apparent, chiefly about the area 
of rupture. At the site of rupture the thinned 
wall consisted largely of an unabsorbed sub- 
endocardial “‘sequestrum” of necrotic muscle 
without interior reactions, bounded peripherally 
by a thin zone of granulation tissue into which 
widespread interstitial hemorrhage had occur- 
red. Most peripheral lay a thin layer of sub- 
epicardial muscle fibers showing intense poly- 
morphonuclear infiltration. (Fig. 6.) 

The anterior descending coronary artery 
showed a fairly recent subintimal hemorrhage 
in an atheromatous area surrounded by ex- 
treme intimal fibrosis and medial atrophy. 
Calcification was absent. The partially occlud- 
ing, adjacent_mural thrombus was found to be 
incompletely organized. 


COMMENT 


The degree of fibrosis present in some 
areas suggests healing of more than two 
weeks’ duration, but the cellular activity 
of the lesion as well as the fact that previous 
studies® have shown collagen deposition to 
begin, on the average, at about the twelfth 
day make the postulation of another, earlier 
episode of infarction here insecure. Rup- 
tures have been found to occur more often 
in initial infarctions than in succeeding 
episodes' and more often within the first 
week following the occlusion than in the 
second week.® The numerous areas of un- 
absorbed necrotic muscle persisting in this 
massive infarct seem to offer the best ex- 
planation for the belated rupture. Such 
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Fic. 6. Photomicrograph of left ventricular wall with 
site of rupture at extreme left, showing mass of necrotic 
fibers. Pericardium (top) shows inflammatory thick- 
ening. Centrally, and lower right interstitial hemor- 
rhage is seen. 

areas not uncommonly remain for weeks 
but are usually less extensive. 
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Bundle Branch Block with Spontaneous 
Remission While Taking an 
Electrocardiogram 


Harry Evuis CANTER, M.D. 


Pittsburgh, Pennsylvania 


HIS case is reported because a care- 
ful search of the literature has 


i} 


Fic. 1. Regular sinus rhythm. Rate 88, PR, 0.20. 
QRS, 0.12. Left axis deviation; one ‘premature 
beat in lead V;. Left bundle branch block of the 
discordand type. Left ventricular strain pattern. 
The three top leads are limb leads 1, u and m1. 
The precordial leads are designated as V, and V;. 


bundle branch block disappeared spon- 
taneously while having an electrocardio- 
graphic record made. 


failed to reveal any case in which 
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CASE REPORT 


J. B., aged forty-two, reported for a heart 
examination October 29, 1945. His history was 


- 


‘ 


bee 
to. 


Fic. 2. Standardization 3 cm.—3 ml. Precordial 
leads are designated as V; and V;. The only 
change of note is a slight decrease in the potential 
of the T waves in the precordial leads. 


not typical of an acute coronary occlusion, but 
he stated that for the past two months he had 
been treated for low blood pressure and anemia. 

He was a tall, well developed white male. 
His height was 6 feet 2 inches; weight, 279 
pounds; vital capacity, 5,500 cc., 111 per cent; 
red blood cells, 4,200,000; white blood cells, 
6600; hemoglobin, 12 Gm.; polymorphonuclears, 
72 per cent; lymphocytes, 26 per cent; juveniles, 
—2 per cent. His heart was definitely enlarged 
on percussion. The sounds were clear and dis- 
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Bundle Branch Block—Canter 


tinct. A faint suggestive systolic murmur was 
heard over the apex and many premature beats 
were noted. 

An ECG taken October 29, 1945, (Fig. 1) 
showed a typical picture of left bundle branch 
block of the discordant type. There was a left 
ventricular strain pattern with a prolonged PR 
and QRS interval. One ventricular premature 
beat was noted in precordial lead Vs. The pre- 
cordial leads were taken with the unipolar lead 
from a central terminal. 

Another ECG was taken on December 7, 
1945. (Fig. 2.) This picture is essentially the 
same as the previous one. There is a change in 
the potential of the T waves in the precordial 
leads. 

Another ECG was taken on April 15, 1946. 
(Fig. 3.) This picture shows the first two beats 
in lead 1 to be the typical QRS complex of 
bundle branch block. From the third beat on 
the QRS complex has changed suddenly to a 
fairly normal appearance. The QRS complexes 
have lost their bundle branch appearance and 
_ look normal. There is a definite Q:. The QRS 
complexes are all of high potential. ST, is 
flattened and depressed and T; is diphasic. 
T2 and Ts; are now erect. A recent ECG has 
shown no change from this picture. 


DISCUSSION 


Transient complete bundle branch block 
has been rather infrequently reported. 
Kurtz,' Master, Dack and Jaffe? have 
reported cases of transient bundle branch 
block which later became permanent. 
Kalett® reported a case of bundle branch 
block with spontaneous remission after four 
years. 


CONCLUSION 


I have reported a case of bundle branch 
block which to my personal knowledge 
lasted seven months and which spon- 
taneously returned to normal while having 
an ECG record made. 
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| Fic. 3. Standardization 3 cm.-3 ml. Precordial 


leads designated by V; and V;. The first two QRS 
complexes in lead 1 are the typical bundle branch 
block picture. The QRS complexes m1 and 1v show 
a return to a normal appearance; this appearance 
continues on through the balance of the tracing. 
The remainder of the picture is the typical pattern 
of left ventricular strain. 
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Book Review 


Cornell Conferences on Therapy. Volume Three. 
Harry Gold, M.p., managing editor. Vol. 3, pp. 337. 
New York, 1948. The Macmillan Co. 


This is the third of the well known series 
of Cornell University Medical College Con- 
ferences on Therapy, stenographic reports 
of discussions conducted by members of the 
Departments of Pharmacology and of Medi- 
cine, with the collaboration of members of 
other departments and institutions. The 
fifteen conferences included have been 
carefully selected and edited with the view 
of ensuring timeliness and general interest. 
This is apparent from the choice of con- 
ferences which include a basic discussion 
of the dose of a drug; lively exchanges of 
opinion concerning the management of 
congestive failure, uses of protein hydroly- 
sates (with a special conference on relation 
to management of peptic ulcer), treatment 
of alcoholism, management of pain due to 
muscle spasm, the rational use of cathartic 
agents and informative discussions of the 
uses of streptomycin, of BAL and of the 
treatment of pneumonia, hepatic insuf- 


ficiency, thrombophlebitis, infections of 
the genito-urinary tract and _ barbiturate 
poisoning. 


The Cornell Conferences on Therapy are 
designed ‘‘to stimulate interest in rational 
therapy” by integrating the points of view 
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of the disciplined pharmacologist and the 
experienced clinician. Each .conference is 
introduced with an authoritative discussion 
of the basic principles of the subject under 
consideration which is then followed by 
‘‘spontaneous, informal and free discussion” 
reflecting different shades of opinion and 
experience. The result is a series of informed 
and well integrated clinics of sustained 
interest, with answers to many questions 
that crop up continually in the practice of 
medicine but somehow rarely appear in 
textbooks and other formal presentations. 

Volume 3 of this series sustains the high 
standards of its predecessors; indeed, some 
of the conferences included are, if anything, 
even more sophisticated and designingly 
wrought. They may be read and re-read 
with profit and pleasure. To the practicing _ 
physician they bring a critical evaluation 
of newer therapeutic agents and an un- 
prejudiced re-evaluation of some of the old. 
The medical student and young physician 
preparing for his Board examinations will 
appreciate these exercises taken directly 
from the classrooms of one of our great 
medical schools. As teaching texts and 
material for discussion in small groups and 
journal clubs the reviewer has found the 
conferences invaluable. 

A.B.G. 
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Degenerative vascular disease associated 
present in this fundus, and may be with arteriosclerosis, hypertension, diabetes 
mellitus and similar affections is often bene- 


fited greatly by the administration of 


Safe, smooth muscle spasmolytic . . . 
preserves and restores capillary integrity 


AMINOPHYLLIN. mg. 
15mg. 


SEARLE RESEARCH IN THE SERVICE OF MEDICINE 


G. D. SEARLE & CO., CHICAGO 80, ILLINOIS 
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Changes in fundus in degenerative 4 
| vascular disease associcted with 
| arteriosclerosis, hypertension and 
| diabetes mellitus. 
| Tortuous veins and arteries, with 
the latter varying in caliber, are 
| port of the fundus findings of 
arteriosclerosis and hypertension. 
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discomtort 


Alleviation of the many distressing symptoms associated with even 
minor upper respiratory infections is promptly obtained by Dasin. 
Presenting Dover’s powder (1% gr.), aspirin (2 gr.), acetophenetidin 
(114 gr.), camphor (14 gr.), caffeine (1 gr.) and atropine sulfate 
(1/500 gr.), Dasin provides the analgesic, antipyretic and diaphoretic 
actions required for quick relief. Excess nasal and bronchial secre- 
tions are reduced. Average dose, 1 or 2 capsules every 2 or 3 hours. 


Sedacok and Codevme 


For Coughs 


When annoying cough complicates the respiratory infection, Sedacof 
and Codeine is indicated. Presenting per fluidounce codeine phos- 
phate (1 gr.), sodium citrate (16 gr.), ammonium chloride (2 gr.), 
ephedrine hydrochloride (1 gr.), antimony and potassium tartrate 
(1/16 gr.), pilocarpine hydrochloride (1/20 gr.), and aromatics 
(q.s.), Syrup Sedacof and Codeine acts as a secretolytic agent, 
promotes ciliary function important for removal of secretions, and 
affords needed sedation for suppressing the cough reflex. 

Sedacof and Codeine, a palatable syrup, is indicated in the cough 
of the common cold, in laryngotracheobronchial irritation, in- 
fluenza, and the hacking cough of the aged. Average adult dose 1 to 
2 teaspoonfuls 2 to 4 times daily. Children according to age. 


| She SE. Massereg C., 


Bristol, Tenn.-Va. 
NEW YORK ¢ SAN FRANCISCO « KANSAS CITY 


SECO 
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SKF now offers unusualiy palatable 


fluid sulfonamide preparations 


new! 


Eskadiamer a combination fluid sulfonamide 


containing equal parts of sulfamerazine and sulfadiazine. Each 
5 cc. (one teaspoonful) contains 0.25 Gm. (3.86 gr.) sulfamerazine 
and 0.25 Gm. (3.86 gr.) sulfadiazine. 


@ @ 
Eskadiazine the widely-prescribed fluid 


sulfadiazine. Absorbed much more rapidly than sulfadiazine tab- 
lets. Each 5 cc. (one teaspoonful) contains 0.5 Gm. (7.7 gr.) 


sulfadiazine. 


These pleasant-tasting preparations may be prescribed whenever 
oral dosage of the sulfonamides is indicated. 


Children, particularly, like EskaDIAMER and And 
busy mothers are spared the chore of crushing bulky tablets and 
coaxing a sick child to swallow an unappetizing mixture. 


Smith, Kline & French Laboratories, Philadelphia 
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The development of Crystalline Penicillin G Sodium has effected 
a distinct advance in Penicillin therapy. Compared with earlier, 
amorphous preparations, this highly purified crystalline product 
affords several important advantages: 


® More predictable clinical results— 
because of high, uniform potency. 


® Decreased tendency to certain side 
effects—therapeutically inert materials 
which may act as allergens have been 
virtually eliminated. 


© Greater convenience for the physi- 
cian—no refrigeration is required for 
the dry form. 


© Less annoyance for the patient— 
pain and irritation at the site of injec- 
tion have been considerably reduced 
by removal of impurities, 


MERCK & CO., Inc. 


CRYSTALLINE 


PENICILLIN G SODIUM 


Manufacturing Cheonists 


RAHWAY, N. J. 
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natural preference 


A revealing test! recently was conducted on a group of cardiac 
patients in congestive failure, treated with intramuscular injec- 
tions of different mercurial diuretics, the identities of which 
were unknown at the time to both patients and observers. The 
results showed that the majority clearly evinced a decided— 
and natural—preference for a diuretic agent that caused the 
least pain and discomfort — 


Similarly, Gold et al? prefer MERCUHYDRIN in their routine 
treatment of the failing heart because “it is less irritant to the 
muscle and is less apt to produce pain”. 


MERCUHY DRINis also preferred by the treating physician 
because of its dependability. It is well tolerated systemically,?-4 
excellent water and salt diuresis is obtained,!-4- and thediuretic 
response by intramuscular injection is the same as by intra- 
venous injection.!.4 With a systematic schedule of early and 
frequent administration producing controlled diuresis, 
MERCUHYDRIN aids greatly in prolonging the life, decreasing 
the invalidism and adding to the comfort of the cardiac patient. 
Symptoms of failure, such as peripheral edema, paroxysmal 
dyspnea or acute pulmonary edema, are prevented or mini- 
mized, and the distressing consequences of intermittent 


massive diuresis are obviated. 
DOSAGE: MERCUHYDRIN 1 ce. or 2 ce. intramuscularly or 
daily or as indicated until a oo plateau is attained. Subsequent 


between injections is prolonged to determine the maximum period permitted sy A. 
maintenance injections. 


between 
(meralluride sodium solution) is available in 
1 ce. and 2 cc. ampuls. 


ae ee W.; Gold, H., and Clarke, D. A.: J. Pharmacol. & 
64:284, 1945. (2) Gold, H., and others: Am. ‘Med, 3:665, 147. 

) New and Nonofficial Remedies, Philadelphia, J. B. Lippincott Co., 1947, p. 298. 
‘a ee M. B., and Smyth, C. J.: J. Mich. State M. Soe. 45:1618, 1946. 
(5) R Pr. B., and Proc. Soc. Exper. Biol. & Med. 63:513, 1946. 
(6) Griggs, D. E., ‘and Johns, V of mercurial diuretics on sodium excretion, 
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» INC., MILWAUKEX 1, WISCONSIN 
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No “Diminishing Returns” 
...In the Management 
of Urinary Infections 


MANDELAMINE 


WANDELAMINE*— a chemical combination of methenamine 
mandelic acid—affords high in common 


infections of the urinary tract. 


Outstanding Features of 


tions. 4. No acidification . in a 


* 
SUPPLIED: S00, of 0.28 | 
4 


NEPERA CHEMICAL CO., INC. 
Manufacturing Chemists - NEPERA PARK, YONKERS 2, W. Y. 
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sistance to | and sulfonamides remain fully suscep- \ 

is free of untoward side-elfects—no 

2 stung organisms). 5. Wwiae rance 

ti oral administration—3 or 

6. Sims 

is the registered trademark 
of Nepera Chemical Co., Inc., for iis 
brand of Hexydaline. 
1. Seudi, J. V., and Duca, C. J.: J. Urol. 
(to be publhshed). 
2. Carroll, G., and Allen, H. N.: J. Urol. 
SS. 674 (1946). Portes 


AEROSOL THERAPY 


the new advance in the Inhalation Treatment 


of Respiratory Tract Infections 


CHLOROPHYLL AEROSOL THER- 
APY. as made possible by *Chloresium 
Aerosol Solution, enables the physician to 
provide the remarkable therapeutic effec- 
tiveness of chlorophyll in the inhalation 
treatment of both upper and lower respi- 
ratory tract infections. It is the result of 
intensive laboratory and clinical investi- 
gation to meet the long-felt need for an 
effective nontoxic, healing, decongestive, 
antibacterial and deodorizing agent for 
use in inhalation therapy. 


For use with any standard 
nebulizing equipment 


Chloresium Aerosol Solution is a specially pro- 
cessed preparation containing the purified 
therapeutically active water-soluble deriva- 
tives of chlorophyll “a *a” (CssH720sN«Mg), de- 
signed for use with any standard nebulizing 
equipment. It is a natural, nontoxic, biothera- 

peutic agent and may be used either alone or, 
where indicated, as a solvent vehicle for pen- 
icillin or other antibiotic inhalation therapy. 


A unique combination of advantages 


Chloresium Aerosol Solution provides the fol- 
lowing unique and fundamental advantages 
in inhalation therapy: 


Does not interfere with ciliary activity; tends 
to restore normal motility if impaired 


Can be used freely—especially valuable in the 
field of pediatrics 

Deodorizes fetid, foul-smelling conditions 

May be used as solvent vehicle for antibiotic 
inhalation therapy 


Indicated for all respiratory 
tract infections 


The value of Chloresium Aerosol Solution 
used alone or as vehicle for antibiotics has 
been demonstrated in the treatment of most 
infections of the respiratory tract including 
acute and chronic sinusitis, rhinitis, pharyn- 
gitis, ordinary coryza, ozena, acute and chronic 
laryngitis, bronchitis, bronchiectasis, lung 
abcesses and other deep-seated inflammatory 
conditions. 


Chlorestum 


Solution 


Aerosol 


ETHICALLY PROMOTED 
Available at all leading drugstores 


FREE—MAIL COUPON 


RYSTAN CO., INC., Dept. JM-8 

7 N. MacQuesten Parkway 

Mt. Vernon, N. Y. 
Please send me, without obligation, clin- 
ical samples of Chloresium Aerosol So- 
lution and complete literature. 


Der. 


Address 


Ci Zone__State__ 
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Absolutely nontoxic 
Accelerates healing by stimulating normal cell 
metabolism 
Decongests, promptly, without rebound 
phenomena 
Exerts antibacterial effect, particularly on 


westsal is a joy to patients on 
low-salt (sodium) diets. 
It’s the only salt substitute 
rr that makes food taste exactly 
— as if seasoned with salt. No bitter, 
no disagreeable taste. Used freely at the table —in 

cooking and baking. @ Sodium-free, safe, convenient, westsal 

assures eating without cheating, a minimum intake of harmful 
sodium, better nourishment, and grateful, happier, patients in... 


congestive heart failure e hypertension e toxemias of pregnancy 


westsal is a solution of 
lithium chloride with small 
amounts of citric acid and 
potassium iodide (iodizing 
traces). Bottles of 214 oz. 


WESTWOOD PHARMACEUTICALS, Dept. AM ® 468 Dewitt St., Buffalo 13, N. Y. 
division of Foster-Milburn Co. 


send for 
tasting 
samples 
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2 new SULFONAMIDE SUSPENSIONS 


for simplified, safer therapy 


These new Sharp & Dohme preparations provide 
sulfamerazine and sulfadiazine, in pleasantly 
flavored, easily administered 10% suspensions. 
The drugs are evenly dispersed in a very fine 
state of subdivision and are, therefore, rapidly 
absorbed. 


Used Separately, CREMOMERAZINE and CREMO- 
DIAZINE are therapeutically equivalent, but the 
total dose of CREMOMERAZINE is only one-half 
that of CREMODIAZINE. Moreover, the dose in- 
terval of CREMOMERAZINE (8 hours) is twice that 
of CREMODIAZINE, a distinct advantage when 
the patient must not be disturbed. 


Used Together, CrREMOMERAZINE and CREMODI- 
AZINE are less likely to produce crystalluria or 
renal obstruction than either separately, and 
may be administered, in the majority of in- 
stances, without adjuvant alkalies, each drug 
being prescribed in half the usual amount. Lehr 
reports that such combination dosage eliminates 
renal complications and greatly reduces over- 
all sulfonamide toxicity. 

CREMOMERAZINE and CREMODIAZINE are 10% 
suspensions containing 5% alcohol and are 
supplied in pint bottles. 

SHARP & DOHME, PHILADELPHIA 1, PA. 
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LIQUID 
PEPTONOIDS 


with TERPIN HYDRATE and CODEINE 


Provides the time-tested value of terpin hydrate 


cand codeine phosphate in the highly palatable 
LIQUID PEPTONOIDS vehicle Available ir 
bottles of 4 fl. or LIQUID PEPTONOIDS with 
CREOSOTE, widely favored when the action of 
creosote is desired 1s supplied bottles of 
Derived from Beef, Milk, and 6 ond 12 fl. o7 

Wheat, Equivalent to Proteins ... 2.0% 
Carbohydrates: Lactose, Dextrose, 

Cane Suger. 


ADULT DOSE: One teaspoonful every two 
hours, or as determined by the physician. 


THE ARLINGTON CHEMICAL COMPANY, vonxers 1, new vorn 


Back Jssues Wanted 


(In good condition) 


THE AMERICAN JOURNAL OF MEDICINE 


will pay 


$1.00 per copy for the following issues: 


August 1946 March 1947 
September 1946 April 1947 
October 1946 June 1947 
January 1947 January 1948 
February 1947 February 1948 
July 1948 


Send to 


THE YORKE PUBLISHING COMPANY, Inc. 
49 West 45th Street New York 19, N. Y. 
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CHOLINE 
BICARBONATE 


Waren instituted early and in conjunction with a diet providing large 


amounts of protein and B complex vitamins, Choline therapy inter- 
rupts the chain of events in the development of portal cirrhosis. 
Thus fatty infiltration of the liver, the forerunner of cirrhosis, is over- 


come, and the fatal complicating cirrhosis is either forestalled or 
prevented. 


aration for therapeutic use, is an advantageous means of adminis- 
tering choline. It is an unusually palatable mixture, provides the 
equivalent of 12.5 per cent choline base or 14.4 per cent choline 


chloride, and may be given in full therapeutic dosage without gas- 


® 
Y Syrup Choline Bicarbonate-C.S.C., an entirely new choline prep- 

e 

e tric intolerance or nausea. 


Available at all pharmacies in one pint bottles. 


A DIVISION OF COMMERCIAL SOLVENTS CORPORATION ¢ 17 EAST 42nd STREET © NEW YORK 17. N.Y. 
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General Relief 


(Many patients in the climacteric 

a "prefer estrogens from natural sources. They report 

— aside from the effect on vasomotor symptoms — 

a greater sense of well-being and relaxation 

for parenteral injection are from natural sources. 

Ds oe __ To others, the convenience and economy of 


Dipropionate-B Caplets made for them. 


BREON 


KANSAS CITY 
NEW YORK 
ATLANTA 

SAN FRANCISCO 


fb 
| 
ies latitude in type, in potencies, and in 
AER ® J route of application. Together, they 
permit precision and flexibility in 
| estrogen therapy whether the prefer- 
| <1 | ence be a greater sense of general relief 
~f 
RREFON 
\ Breon «Company 
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a new 


_adrenolytic and sympatholytic vasodilator 


Issued: 


PRISCOL 


. a valuable adjunct to the treatment of peripheral 
vascular disease.” | 


Priscol hydrochloride, administered either orally or paren- 
terally, counteracts the constrictive effect of epinephrinc- 
like substances which are formed at the vascular myo- 
neural junction. 

Priscol therefore produces circulatory improvement in 
many cases of Raynaud's disease, Buerger’s disease, dia- 
betic gangrene, and arteriosclerotic peripheral vascular 
disease. 


Patients should be closely observed until optimal dosage is 
established since paradoxical effects or orthostatic hypo- 
tension may occur. 

Tablets of 25 mg.; bottles of 100 and 1000. 

10 cc. Multiple-dose Vials, each cc. containing 25 mg. 


1. Grimson, K. S., Marzoni, F. A., Reardon, M. J., and Hendrix, J. P.: 
Surg., 23:728, 1948. 


e@ Complete information may be obtained from 
CIBA PHARMACEUTICAL PRODUCTS, INC., SUMMIT, MEW JERSEY 


PRISCOL (brand of benzazoline) Trade Mark Reg. U.S. Pat. Off. 
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AMPHOJEL 


ALUMINUM HYDROXIDE GEL 
ALUMINA GEL 


FLUID ANTACID 


AVERAGE or two (4 te es.) 
or with weter, te be taken fee or 
times dolly, between mosis and on retiring. 


SHAKE WELL 


INCORPORATED 
PA. 
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whole defatted duodenal substance 


Clinically effective in 
NON-SPECIFIC 
ULCERATIVE COLITIS 


52 patients followed for more than a year showed 
marked improvement.':? 


e@ Improvement commenced in 3-5 weeks. 

e Frequency of bowel movements diminished. 

© Stool consistency increased. 

e Gross blood and mucus disappeared. 

e Sigmoidoscopic evidence of mucosal heal- 
ing followed symptomatic improvement. 


of an intrinsic protective factor nor- 


mally present in the intestinal mucosa, 
showed dramatic responses following the oral administration of CRYMONASE. 

CRYMONASE is a new specially processed duodenal substance whose chief 
action is the reduction of secretions of the gastro-intestinal tract and a decrease in 
motility. Specicl processing prevents autolysis of the substances normal to the raw 
tissues and they are retained in their natural state. Supplied—Tablets: Bottles of 
100, 250, 500, 1000; Powder: 4 oz. bottle by weight. 


\ 


IRWIN, NEISLER & CO. & Decatur, Illinois 
X 


1. Priedmon, M. H. F., Haskell, B. F., and Waldron, J. M.: Fed. Proc. 7:201, 1948. 
2. Grossman, M. |: Personal Communication (report to be published). \ 
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Clinical investigations, based on the 
hypothesis that non-specific ulcera- 
tive colitis is the result of a deficiency 


WHEN DIETARY MEASURES ALONE cannot control 
a recently established case of diabetes and insu- 
lin must be resorted to, one daily injection of 
intermediate-acting “Wellcome’ Globin Insulin 
with Zinc will often prove both adequate and 
beneficial. This simplified regimen can be ini- 
tiated in the following manner: 


ESTIMATING THE DOSAGE: The simplest method 

is to start with 15 units of Globin Insulin and in- 

crease the dosage every few days, as required. 
A closer estimation is obtained y genet 

sugar determination of a 24-hour urine 

men. For the initial dosage, % of a unit of 


Globin Insulin is given for every gram of sugar 
spilled in 24 hours. 
uently be 


Both diet and dosage must subseq 
adjusted to meet the needs of each individual 
patient. 


ADJUSTING THE DIET: In general it has been 
found that a good carbohydrate distribution for 
the patient on Globin Insulin consists of 1/5 of 
the total carbohydrate at breakfast, 2/5 at the 


The newly diagnosed 
diabetic and 
Globin Insulin 


noon meal, and 2/5 at the evening meal. Any 
tendency toward midafternoon hypoglycemia 
may usually be offset by giv ing 10 to 20 grams 


of carbohydrate between 3 and 4 p.m. 


This starting diet may subsequently be adjusted 
as required fo suit the needs of the patient. Final 
adjustment of carbohydrate distribution may be 
based on fractional urinalyses. 


ee TO 24-HOUR CONTROL: Simulta- 
= the Globin Insulin dosage to 
me our control as evidenced by a fast- 
ing ade sugar level of less than 150 mgm., or 
sugar-free urine in the fasting sample. 


‘Wellcome’ Globin Insulin with Zinc is a clear solu- 
tion, comparable to regular insulin in its freedom 


from allergenic rties. Available in 40 and 80 
units per cc., of 10 cc. Accepted by the Council 
on Phi and Chemistry, American Medical 


Association. Developed in The Wellcome Research 
Laboratories, Tuckahoe, New York. U.S. Patent 
No. 2,161,198. LITERATURE ON REQUEST. 

‘Wellcome’ Trademark Registered 
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